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MR. FERROCARBO" 


STRONGER CASTINGS FOR 3()()_()()() TRacToRs 


with FERROCARBO briquettes 


‘ 


Farm equipment manufacturing, giant 
consumer of gray iron and malleable iron 
castings, is one of the important markets 
to most foundrymen. Production of farm 
tractors has doubled since 1945—and 
continues upward in excess of 20,000 units 
monthly. 


¥ FERROCARBO Briquettes, a patented 


FOR MORE INFORMA 


4 on how you can obtain top 


product by Carborundum, are assisting 
the foundrymen in meeting these increas- 
ing production demands. They enable 
them consistently to make stronger, finer- 
grained, denser yet more machinable cast- 
ings. Keep pace with this growing industry 
by making sure FERROCARBO is in your 
production picture. Ee 


quality in the castings that you produce, write for Form A-1497 
Dept. M91, The Carborundum Company, Niagara Falls, N. Y 


CARBORUNDUM 


REGISTERED TRADE MARK 


FERROCARBO DISTRIBUTORS —KERCHNER, MARSHALL & COMPANY, / 


Philadelphia « Birmingham « Le ngele 


MILLER AND COMPANY, (///C 


l1GOe fle 
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earlite and graphite effects 
/ W. W. Moore and J. O. Lord 


Malleable Iron, a Magnetic Alloy 
by W. K. Bock 


Electrical Conductivity of Sand-Cast Copper-Base Alloys 
by D. G. Schmidt and F. L. Riddell 


Heat Treatment of Ductile Iron 
by W. D. McMillan 


Radiography, Microstructure and Mechanica] Properties of 
Cast Magnesium — Thorium — Zirconium Alloy HK 31A 
by T. R. Bergstrom and R. G. Bassett 


Gray Iron Permanent Molding 
by H. U. McClelland 


Green Tensile and Shear Strengths of Molding Sands 
by R. W. Heine, FE. H. King and J. S. Schumacher 


Hot Cracking Test for Light Metal Casting Alloys 
by E. J. Gamber .. 


Martensitic White Irons for Abrasion-Resistant Castings 
by T. E. Norman, A. Solomon and D. V. Doane . 
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future meetings 
and exhibits 


APRIL 


5-10 . . American Chemical Society 
Spring Meeting. Boston. 


5-10 . . Nuclear Congress and Atom-fair 
Public Auditorium, Cleveland. 


6-8 . . American Institute of Mining, 
Metallurgical & Petroleum Engineers, 
National Open Hearth Steel Conference 
Sheraton Jefferson Hotel, St. Louis. 


6-10 . . American Welding Society, 
Annual Meeting and Welding Exposition. 
Hotel Sherman, Chicago 


8-9 . Malleable Founders’ Society, 
Market Development Conference. Wade 
Park Manor, Cleveland. 


18 . Cast Bronze Bearing Institute, 
Spring Meeting. Sherman Hotel, Chi- 
cago 


13-17 . . AFS Engineered Castings Shou 
and 63d Annual Castings Congress. Ho- 
tela Sherman and Morrison, Chicago. 


16 . . National Castings Council. An 
nual Meeting. Union League Club, Chi- 
cago 


16-17 
ing Section 
Chicago 


. Magnesium Association, Cast- 
Meeting. Congress Hotel 


18-22 . . American Society of Tool En- 
gineers. Annual Meeting. Schroeder Ho 
tel, Milwaukee 


20-May | American Society of Mech 


anical Engineers, National Metals Engi 
neering Conference. Hotel Sheraton-Ten 


Eyck, Albany, N.Y 


30—May 11 82d International Fair 


Brussels, Belgium 


MAY 

4-8 . American Society of Training 
Directors, Annual Conference. Sheraton 
Cadillac Hotel, Detroit. 


13-15 . . National Industrial Sand Asso 
fation, Annual Meeting. The Homestead 
ifot Springs, Va 


7-21 American Ceramic Society 


nual Meeting. Palmer House, Chicago 


21 ..AFS Division Meetings, Executive 
Committees, Program & Papers Commit 
tees, Annual Review. Sherman Hotel, Chi 
cago 


22 .. AFS Technical Council, Annual 
Meeting. Sherman Hotel, Chicago 


25. . AFS Publications Committee, An 
nual Meeting. Sherman Hotel, Chicago 
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25-26 Malleable Founders’ Society, 
Annual Meeting. The Homestead, Hot 
Springs, Va. 


25-28 . . American Society of Mechani- 
al Engineers, Design Engineering Show, 
Convention Hall, Philadelphia. 


7-28 . . American Iron and Steel Insti- 
ute, Annual Meeting. Waldorf-Astoria 
Hotel, New York 


JUNE 
9-12 . . Material Handling Institute, Ex- 
position. Public Auditorium, Cleveland. 


11-12 . . AFS Chapter Officers Confer- 
ence. AFS Headquarters. Des Plaines, 
Ill., and Sherman Hotel, Chicago 


18-20 . . AFS Foundry Instructors Sem- 
inar. University of Illinois, Urbana, II. 


21-26 American Society for Testing 
Materials, Annual Meeting. Chalfonte- 
Haddon Hall, Atlantic City, N.J. 


25-27 AFS Penn State Foundry Con 
ference. Pennsylvania State University 
University Park, Pa 


SEPTEMBER 


AFS Missouri Valley Regional 
Missouri School of 


24-96... 
Foundry Conference. 


Mines, Rolla, Mo. 


28-Oct. |] Association of Iron and 
Steel Engineers, Annual Convention 
Sherman Hotel, Chicago 


OCTOBER 


2-3 .. AFS Northwest Regional Foundry 
Conference. Benjamin Franklin Hotel 


Seattle 


3-10 International Committee of 
Foundry Technical Associations, Interna 
tional Foundry Congress. Madrid, Spain 


7-9 . . Gray Iron Founders’ Societ An 
nual Meeting. Fairmont Hotel, San Fran 


1SCt 


5-v AFS Michigan Regional I yundry 
Conference. Pantlind Hotel, Grand Rap- 
ids, Mich 


16-17 AFS New England Regional 
Foundry Conference. Massachusetts In- 
stitute of Tec hno! vv Cambridge, Mass 


Mopexrn Castincs is indexed by Engineering 
Index, Inc., 29 West 39th St,, New York 18, 
N. Y. and microfilmed by University Microfilms, 
13 N. First St., Ann Arbor, Mich 
The American Foundrymen’s Society is not re 
sponsible for statements or opinions advanced 
by authors of papers or articles printed in its 
publication 
Published monthly by the Ameriean Foundry- 
men’s Society, Ine., Golf & Wolf Roads, Des 
Plaines Ill Subscription 
price in the U.S., %5.00 
er year; elsewhere, $7.50 
Single copies 50x April 
May and June issues $1.00 
Entered as second-clas mai) 
Pontiac, Ill. Additional 
ntry at Des Plaines, Il. 








Accurate casting of this 40-lb. rear end housing cuts machining at Auto Specialties. 


Quality Controlled 


HANNA SILVERY... 


Simplifies Consistent Production 
of Quality Controlled Castings 
at Auto Specialties 


Much of Auto Specialties Manu- 
facturing Company’s fine reputa- 
tion has been built on the high 
quality malleable castings produced 
in huge quantities at its St. Joseph, 
Michigan, foundry. An important 
factor in this continuous high qual- 
ity story is the use of Hanna Sil- 
very. Its dependable analysis plays 
a major role in the close silicon 
control of cupola-electric furnace 
duplexing of malleable, so neces- 
sary in the manufacture of pre- 
cision automotive parts. 


, 
Whether they are housings or gears, 
sprockets, universal joints or clutch 
plates, quality controlled Hanna 
Silvery is of vital assistance in 


maintaining the exacting chemical 
composition necessary to produc- 
tion of precision castings time after 
time. This record is substantiated 
by a million-volt X-ray machine, a 
part of Auto Specialties quality 
control system, which spot checks 
castings for uniformity and 
accuracy. 


Hanna produces high quality pig 
iron for every foundry need. All 
regular grades, plus close-grain 
HannaTite, are available in 38- 
pound pigs and HannaTen ingots. 
Trained representatives are ready 
to help with your metallurgical 
problems. For assistance, call 
Hanna today. 
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Millions of perfect castings at Auto 
Specialties pass under the eye of this 
X-ray machine. 


THE HANNA FURNACE CORPORATION 
Buffalo « Detroit * New York « Philadelphia 
Merchant Pig Iron Division of 


NATIONAL STEEL gill CORPORATION 
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NEW! Single Station 


AUTOMATIC COMBINATION 
SHELL CORE & SHELL MOLD 
BLOWING MACHINE 


NEW! | /' 


RADIANT GAS BURNERS | " 


























































































































































































































































































































FOR PATTERN HEATING ay Z1/ 
AND SHELL CURING. 
— 
ALL MODELS AVAILABLE U \ 
WITH AUTOMATIC | L 
DRAW-BACKS. . — 
MACHINE CycLes | |[\ ... 1]. =ran 
30-50 PER HOUR STRIP ba STATION ) 
ie manana f-- 
| 7 — 
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MODELS AVAILABLE—S.P. 1600 S.P. 1630 S.P. 1650 


PATTERN SIZES—24” x 28” x 10” 27” x 36” x10” 27” x 44” x 10” 


* 
SUTTER PRODUCTS COMPANY 


407 HADLEY STREET ME 7-7241 HOLLY, MICHIGAN 
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@ Ever wonder what the size limi- 
tations are on metalcasting proc- 
esses? Here are two contenders 
for the world’s record. On the left 
we have the world’s heavyweight 
contender . . . a 250 ton steel roll- \e 
ing mill housing cast by Bochumer 
Verein in Germany. And in the op- 



















@ Could your foundry have used $600,000 
more profit in the past six years? Would you 
like your management staff and hourly work- 
ers systematically searching for possible ways 
to reduce costs in your operations? If the an- 
swer is “yes,” then you should take a close 
look at the Work Simplification program that 
netted this remarkable result for Texas Foun- 
dries, Inc., Lufkin, Texas. Watch MODERN 
CASTINGS for the details. 


® Record-breaking Shaw Process casting 
weighs 6000 Ib. Hica Inc., Shreveport, La., 
made this precision 4130 cast steel die for 
injection molding of plastics. 


@ The aircraft industry keeps moving the goal 
posts on the metalcasting industry. Par for 
their course now is castings accurate to +10 
thousandths of an inch on critical dimensions 
and 125 RMS finish on critical surfaces. If 
foundrymen can improve their casting accur- 
acy by 0.005 in., they can save the difference, 
in one case, between $70 (the as-cast price 
of the casting) and $1200 (the cost of ma- 
chining the last 0.005 in. from critical areas) 

And then there’s the aluminum wave 
guides being cast with 0.075-in. wall thick- 
ness for Westinghouse. 


posite corner we have the world’s tool steel by Casting Engineers 
smallest casting measuring only of Chicago. Anyone wishing to 
0.200 in. in overall length with the 
flag portion a mere 0.045 in. thick 
. . . produced in silicon-manganese 


challenge these two records just 
send your evidence to the MODERN 
CASTINGS Editor. 


@ High speed computers can help you select 
the most economic combination of furnace 
charge materials for every day's operation! 
If a computer is not available, manual tech- 
niques are also explained in a 1959 Castings 
Congress Paper by Gideon |. Gartner, Water- 
town Arsenal. Scheduled for publication in 
MODERN CASTINGS soon, the article tells 
foundrymen about a linear programming tech 
nique that helps choose the most feasible 
raw material combination with the minimum 
cost. You can calculate optimum prescriptions 
for individual heats and determine which ma- 
terials to buy for inventory. 


@ Wear on mating surfaces of tight flasks .. . 
has practically been eliminated by molding a 
thin rubber strip on the flask-bearing surface 
of match plates. Inventor, Richard L. Olson, 
says the cushioning effect of this rubber also 
stops the noise generally attributed to metal 
metal contact in jolt-squeeze molding 


@ One pound of weight . . . saved on a 
casting in a ballistic missile adds 18,000 ft to 
its range! And a pound saved in the third 
stage rocket of a space vehicle reduces fuel 
requirements by 1000 Ib! 


Published by American Foundrymen’s Society, Golf & Wolf Roads, Des Plaines, Ill. 
VAnderbilt 4-0181 


Wan. W. Maroney, General Manager 
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FROM TOM BARLOW 


Food or medicine’? 


A ghost must be laid to rest. The 
industry has been haunted too 
long by the misconception that 
additives are either ‘‘cure-alls"’ or 
‘medicine’ — and neither expres- 
sion is used in a flattering way. 








Although in the last “Report to 
Foundries” I promised (or threat- 
ened) to clarify the differences be- 
tween our five flowability additives 
— that will have to wait. “Know 
first the father, if you will try to 
understand the child.” So let’s 
look at the clays first. 

To save space (which costs 
































money), we won’t re-hash every- 
thing said in the last “Report” 
about the differences between Re- 
vivo Bond, Black Hills Bentonite 




















World's largest 
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and Dixie Bond. If you missed 
that issue, let me know and I'll 
send you a reprint (Note: We have 
ordered 1000 extra reprints per 
month to meet the 
demand. ) 

Our sermon today applies equal- 
ly to all three clays and therefore, 
to every practice—including yours. 
Although it is a general discussion 
and cannot be universally applied, 
it will stand up in most cases. 

In brief (and within reason), 
the more clay or the stronger the 
sand, the better. (High strength 
is more than 14 psi; low strength 
is generally below 10 psi. In be- 
tween are the middle-of-the-roaders 
or special cases.) The merits of 
high-strength sands are meeting 
wider acceptance now — for which 
Eastern Clay Products is grateful. 
More and more, the following 
truths appear in print: 


1 High-strength sands give 
" higher mold hardness, 


2 Cuts, washes, rat-tails and 
* scabs are reduced by increas- 
ing clay (at temper, of course). 


increasing 


3 High-strength sands improve 
* finish. 


4 High-strength sands require 
* less combustible material. 


At proper temper, high- 
* strength sands produce cast- 
ings closer to proper weight and 
dimensions. 
High-strength sands provide 
® for less metal penetration and 
mold-wall movement. 


7 Tempered to equal deforma- 
® tion, a high-strength sand may 
show higher flowability. 


What has this to do with addi- 
tives? Simply this. Weak sands 
may need additives to cure their 
basic faults, but this is not the only 
use of an additive. Furthermore, 
using additives to overcome the 
weakness of low clay is not eco- 
nomical practice. Startling or other- 
wise, high-strength sands require 
less additives than weak sands. 
And when used with such sands, 
the purpose of the additive can 
hardly be described as ‘‘medicine."’ 

Let's try a medical comparison. 
A healthy adult requires less than 
five mg of Vitamin B, per day to 
stay ‘“‘bright-eyed and 
tailed.” obtained 
from the normal diet or supple- 


bushy- 
This may be 
mented by pills. In either case, 
the B, is a basic food requirement 
of the human body. But to cure a 
bad hang-over, a doctor may give 


20,000 units of B,— about an 11- 


year supply at typical food levels. 
So the same substance is either a 
food or a medicine, depending on 
the condition of the user. 

By the same token, the user of 
high-strength green sand uses ad- 
ditives to keep his daily cast 
“bright-eyed and bushy-tailed.” 
They help him make better look- 
ing, more saleable castings . . . 
keep his scrap and overall costs 
to a minimum. He ships castings 
that are close to dimension and 
proper weight. And, everything 
else being equal, he makes more 
money. 

In our future discussions of ad- 
ditives, we will stress this “food” 
approach. Our angle? That’s easy. 
We know our future lies in the 
future success of our customers. 
We want to help you sell more 
castings by making better ones at 
lower cost through improved prac- 
tice. Our policy: to charge only 
for our product but to deliver 
“product plus” — 

@ plus service 

plus research 
plus know-how 


plus impartial help on sand 
problems 


Please let us know when and 
how we can be of help. Drop a line, 
or give us a call, 


high pressure molding machine 


“Give us a flask large enough and 
we'll squeeze a pattern as big as a 
battleship.” That’s the word from 
Taccone Pneumatic Equipment Co., 
where the largest high-pressure 
molding machine was designed and 
built for pipe fittings and cast 
iron boiler systems. 

Heard the facts about the uni- 
form molds, elimination of ram- 
offs and long list of cost savings 
offered in these machines? Write — 
we'll be glad to go into detail. 








VITAL STATISTICS 


Squeeze pressure at 80# line 


Actual squeeze time for ramming a mold with 7000 # of sand .... 6 seconds 


Flask size 


Line pressure 


Total squeeze pressure at 100 # line pressure 


672,000 # 


84” x 84” x 16” 
(or 2 flasks 42” x 84” x 16”) 


80 to 100 psi 
705,600 # 








EASTERN CLAY PRODUCTS DEPT. 


Creators of 


and 


Living Minerals ‘ale 


cary 


INTERNATIONAL MINERALS & CHEMICAL CORPORATION 


Administrative Center, Old Orchard Road, Skokie, Illinois « ORchard 6-3000 
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PAYLOADE R’ 


“bigger loads—faster—more powerful— 
considerably shorter turning radius” 


Mr. O. W. Street, Gen. Supt. of 
Parker-Street Castings Company, 
Cleveland, Ohio also adds that ‘‘the 
Model H-25 ‘PAYLOADER’ is superior 
to any previous sandmoving equip- 
ment used —also does numerous 
jobs previously impossible to do 
with our other loaders,” 


360 Tons Per Day 


This gray iron foundry uses the 
H-25 for three basic jobs each day: 
pick-up of sand and castings from 
the floor and delivering same to 
shake-out; moving sand from shake- 
out to muller; delivering sand to the 
many molding stations. Average 
haul is 140 feet and the amount 
moved daily is 120 tons in each op- 
eration, or 360 tons total. 


The greater carry capacity of the 
Model H-25 (2,500 Ibs.) is 25 to 
50% more than heretofore available 
in a tractor-shovel with 6-ft. turning 
radius. The power-shift transmis- 
sion, torque converter and power 
steer make it fast cycling and easy 
operating. Power-transfer differen- 
tial — another exclusive in its class 
—gives the Model H-25 better 
traction on loose or slippery footing. 


Get the facts on the Model H-25 
from your Hough Distributor. 


Hr) THE FRANK G. HOUGH CO. 
LIBERTYVILLE, ILLINOIS A 
SUBSIDIARY — INTERNATIONAL HARVESTER COMPANY 


PSS SS SSS SS SS SSS SSS SS SSSSSSSSSSSSSSSeeeeeeeeeeeeeeeeeaues 


THE FRANK G. HOUGH CO. 
711 Sunnyside Ave., Libertyville, Ill. 


Send Model H-25 PAYLOADER data, 


Address 


4-A- 
Sm a me ee am ek ee a ne ae mmm mmm 


| 


Nome _ = 


Title 


| 


Company 


| 


| 
| 


City __ State 
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Electronic Mold Counter is 
Backbone of Incentive Plan 


@ A unique electronic mold-counting 
device is being used in conjunction 
with an incentive plan for the mold- 
ing and pouring lines at Crouse-Hinds 
foundry, Syracuse, N. Y. 

A separate count of castings poured 
was necessary for each of four pour- 
ing loops; and this presented a prob- 
lem. Simply registering the number 
of molds passing a point on the loop 
proved ineffective. This system count- 
ed every mold passing the 
whether it had been poured off on 
not. In event that a mold made the 
loop twice, it was counted twice 
Starting the molding line in the morn- 
ing or after breaks confused the count. 


counter, 


Company engineers solved the prob- 
lem by installing electronic counting 
devices in the top of the cooling 
hoods for each molding line. These 


Electronic mold counter is installed in top of 
the mold cooling hood and activated by heat 
from mold sprues. 


devices utilize a photo-cell unit acti- 
vated by heat from mold sprues. En- 
gineers connected each photo-cell to 
an amplifier which strengthened the 
signal to register each newly-poured 


Counter in top of the cooling hood at left 
registers only the molds that have just been 
poured on the loop. 


casting on_a counter. The unit may 
be adjusted to varying sensitivities of 
heat radiating from the sprue. 
Crouse-Hinds officials state that the 
counters accurate to 


electronic are 


one per cent. 
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SAVINGS OF UP TO 50% OF ALLOY 
COSTS ARE BEING REGULARLY 
OBTAINED. 


SPECIAL Mees 


* “27 1.B.NET 


PACKAGE 


If the plunging technique fits your operation, you will 
be interested in Ohio Ferro-Alloys’ special alloy package developed 
specifically for this technique. Our Sil-Mag alloys are now 
available in cans containing the exact weight required for 
specific ladle treatments. The package is designed for 
insertion directly in the plunger. Possible alloy losses in 
handling and weighing operations are eliminated. 
MAXIMUM CONVENIENCE — MINIMUM COST... 
Write for your copy of our new brochure, 
“Plunging Sil-Mag Alloys.” 


ANOTHER ADVANTAGE: 

Pallets holding sixty 

cans for convenient 
and 


storage. 





60 CYCLE INDUCTION MELTING 
OF HIGH LEADED BRONZES 


15 years ago, THE CLEVELAND GRAPHITE BRONZE 
COMPANY, division of CLEVITE CORPORATION, pio- 
neered 60 CYCLE INDUCTION MELTING of bronzes with 
up to 35% lead. Special furnaces developed by AJAX 
for this difficult job are an important element in their 
unique continuous production line for steel-backed 
bronze bearing strip. 60 CYCLE INDUCTION MELTING 
furnaces resulted in substantial improvements and cost 
savings over gas-fired units used earlier for that pur- 
pose. Today, CLEVITE operates six continuous lines in 
this country and abroad with AJAX 60 CYCLE INDUC- 
TION MELTING furnaces, producing enough strip to 
make 130 million bearings and bushings per year. 








Associated Companies: 
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60 CYCLE 


The heavy duty 60 cycle inductor developed by AJAX 
and pioneered by CLEVITE will attain a lining life of 
one year with bronzes of substantial lead content. 
Electromagnetic stirring assures uniform alloy and close 
temperature control. Compared to externally fired 
equipment, metal loss savings run into many thousands 
of dollars per year. Recently, several large producers 
of leaded bronze castings converted their foundries en- 
tirely to 60 CYCLE INDUCTION MELTING. 


While this is one of the most difficult metals to handle, 
the advantages of 60 CYCLE INDUCTION MELTING 
stand out today wherever copper alloys are melted. As 
specialists in 60 CYCLE INDUCTION MELTING, we have 
developed furnace types to best fill each application. 


ENGINEERING CORPORATION 


TRENTON 7, NEW JERSEY 


INDUCTION MELTING 


Ajax Electrothermic Corporation Ajax Electric Company 
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HERE ARE COST-CUTTING DEVELOPMENTS 
FROM THE BEARDSLEY & PIPER TECH CENTER 


A New s 
Low-Cost Unit 


for Hollow Shell Cores The SF6 Shell Cormati 


The SF6 Shell Cormatic unit has been 
developed to fill a pressing need for a 
low-cost, highly productive but flexi- 
ble, shell core unit. A single-station, 
shuttle-type hollow shell core 
machine, it is available as either a 
manually-operated or semi-automatic 
unit. With the semi-automatic model, 
a single operator runs several of the 
new Cormatic units. This new, low- 
cost package features a gas-fired 
102,000 Btu. furnace for fast curing of 
the shell cores. Core box size to a full 
10 x 12 inches and heights to 18 inches 
are handled. It is flexible enough to 
handle a very wide range of small core 
boxes, and is an all-purpose unit for 
the foundry entering the shell core- 
making field. Tests completed at the 
B&P Technical Center indicate that 
the new SF6 Shell Cormatic provides 
appreciably lower operating costs 
than other units of its size and type. 
It may well prove the difference 
between profit and loss on shell core 
jobs within its wide range. 


_ 
A Revolutionary The Shell Mull- All 


Economy Package 
for All Shell 


Sand Preparation 


The Shell Mull-All, developed at the 
Technical Center and proved for all 
shell sand processing applications, is 
a complete low-cost, ready-to-operate 
package. It incorporates skip-bucket 
loading device, Shell Mull-Ail, and a 
cooling and conveying screen. The 
unit is productive, compact and com- 
pletely flexible for all coating applica- 
tions . . . for cold or preheat shell 
sand processing. Yet, with all of its 
advantages, its price places it within 
the budget of even the smallest 
foundries employing shell molding or 
shell coremaking processes. This new 
package unit has ample capacity to 
provide for all shell sand processing 
for a small shell molding department, 
or for several high-speed shell core- 
making units. 


FOREMOST DEVELOPER OF FOUNDRY MACHINERY 


SANDSLINGER ¢ SPEEDSLINGER ¢ HYDRA-SLINGER « SPEEDMULLOR « PREPARATOR 
e SPEEDMULLOR-PREPARATOR UNIT «¢ SHELL SPEEDMULLOR «© MULL-ALL 
¢ MULBARO « LAB MULBARO « PNEU-RECLAIM ¢ FORMATIC SHELL MOLD UNIT 
e CORMATIC SHELL CORE UNIT « FLEXIBLO « SAN-BLO « WHIRLMIX « ROL-A-DRAW 
e ROTO-MOLD « ROTO-FEED « HYDRA-MOLD « BEEP « SKIPTROL « MULLTROL 
e MULLTROLMATIC « BLOMATIC #« CORMATIC « NITE GANG *« MAGNARATOR 














DEVELOPMENTS FROM THE B&P TECH CENTER 


A Size and Type of Coreblower for Every 
Practical Need (CO, TOO) 


Product expansion and development 
in the coremaking field now permit 
B&P to offer a unit to meet every 
coreblowing requirement. Outstand- 
ing units for jobbing or repetitive 
production of shell, €0, or conven- 
tional cores are available in a 
complete range of sizes, to meet 
every need. 

1. For tiny pin cores and up to 

400 pean cores. 


2. For wooden, metal, metal- 
reinforced or plastic core boxes. 

3. For vertically-split horizon- 
tally-split or open core boxes, 
For all conventional, shell and 
CO) core sands. 


5. For high strength and special 
core sands requiring agitator. 


6. For full pressure blow, Pulsa- 
tor blow or Low Pressure 
Prefill with blow. 


For applications requiring 
quick-change or universal blow 
and vent plates. 


. Forevery CO; blowing require- 
ment... (a complete line of 
Flexigas gassing units also 
available). 


And a complete line of accessories 
including Rol-A-Draw and Rol-A- 
Cor core rollover-draw units. 





A Compact, Inexpensive 
Dry Sand Reclamation 
Unit for All Sands 


There are important reasons for the 
foundry industry’s acceptance of 
Pneu-Reclaim dry sand reclamation 
units by a 3-to-1 margin over all 
other units. These reasons permit 
gray iron, steel and non-ferrous 
foundries to obtain impressive sav- 
ings, and to retain the full benefit of 
savings through minimum operating 
and maintenance costs. 

1. Only Pneu-Reclaim has been 
thoroughly proved for the 
reclamation of every type of 
sand— conventional backing, 
facing and core sands, as well 
as COQ,, shell and air-settin 
sands... proved at the B& 
Tech Center and in the field. 

. Only Pneu-Reclaim—with 
exclusive Dual-Jet Scrubbing 
—operates at half the air pres- 
sure (and half the power con- 
sumption) of other units. 

. Only Pneu-Reclaim has exclu- 
sive B&P Level Flow—makes 
it more compact with much 
lower overall height—installs 
easily in many areas where 
other units won’t fit. 

. Only Pneu-Reclaim offers 
higher capacity — per square 
foot of area or per dollar 
invested. 

. Pneu-Reclaim maintenance 
costs are less than half those of 
any other unit. 











B&P Pneu-Reclaim 
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Shell Sand Processing 
Equipment Proved 
for Every Application 


Hot process, warm process and cold 
process Shell Speedmullors all bene- 
fit from the extensive research and 
development work carried on at the 
B&P Technical Center. As a result 
of this work—carried on with the 
co-operation of leading resin and 
sand manufacturers—the capacity 
and performance of shell sand Speed- 
mullors have been greatly increased. 

In one series of tests utilizing pre- 
heated sand in a hot process Shell 
Sand Speedmullor, processing 
capacity has been increased over one 
hundred per cent. 

The B&P line of Shell Sand Speed- 
mullors provides the industry with 
by far the broadest and most flexible 
coating equipment available for shell 
sand processing. Seven different sizes 
in hot, warm and cold process units 
assure a coating unit to meet every 
requirement, under every operating 
condition. Capacities to 27,000 
pounds per hour. 


The C.P. Shell Speedmullor 










The Becndent Line of Mulling Machinery 
Ever Offered 


In the field of molding and core sand 
preparation, the expansion of the 
Beardsley & Piper line of mulling 
machinery, with the addition of the 
Whirlmix and the Mull-All, now 
provides the most complete line for 
all applications. The Mulbaro 
remains the only truly portable mull- 
ing unit. Its overall application to 
molding and core sand preparation 
is combined with its true portability 
and low cost to provide unbeatable 
advantages in its field. 

Available in two sizes, the com- 
pact and flexible Whirlmix is ideal 
for core sand preparation. It is 
especially suitable for the new CO, 
and air-setting core sand mixtures. 
Its low cost makes it an excellent 


The ''60"' Speedmullor 


investment for the foundry entering 
these fields. 

The new Mull-All is the only small 
muller that offers the quality and 
ruggedness advantages of big pro- 
duction unit construction. Its capac- 
ity, performance and thoroughness 
of mixing are well ahead of other 
small units. 

The advantages of the Speed- 
mullor line—including six units with 
capacities to 76 tons per hour of 
thoroughly mulled sand—are well 
known. Speedmullors alone offer 
rubber-to-rubber mulling, complete 
aeration during mulling, mulling in 
suspension, complete cooling during 
the mulling cycle, and mulling cycles 
at least three times faster than any 
other unit. 





The Mulba 


The Mull- All 
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A Highly Productive — = [Me OR Goa. 
Yet Fully Flexible | 
Complete Molding Unit 
— Without Pits as 


The new Hydra-Mold is the culmina- ! said 
tion of Beardsley & Piper efforts to 

peggy = the most compact production 

or jobbing molding ‘installations. It 

incorporates all-hydraulic Roto- HYDRA-MOLD 
Mold, Rol-A-Draw and Hydra-Slinger. 

A single, low-cost hydraulic unit is used 
for the entire Hydra-Mold. Here is ae ant 
the unit that makes production work Lez 

faster and more accurate than ever fi ont +f so “i 


- 4 

















before—that permits jobbing work to 
be handled like production work. 
These units offer production 
equivalent to—or greater than—that é 
obtained from four large fully rigged bia 
molding stations. Yet, costs are y ae 
reduced because sand is delivered to aie a © sag ee 
a single int of use, the Hydra- ] —<——ag 7 x 
Slinger. Although the foundry has all a & 6 a 
of the flexibility of four separate sta- 
tions, a single rollover-draw machine 
is needed. oun separate molding 
operations are performed at separate Mox. Weight of 


Iding stati d the Roto- ! 
St pa ‘*Roto-Mold |*Rol-A-Draw |Length| Flask, Pattern | ***Flask | Max. 


Mold Table, even ee | zs ‘ 
bing work can be handled like Diam. ‘A Model B & Sand Size Draw 


repetitive production work. There’s 
real production flexibility, too, with 14 2022H 25'0 2000 Ib 36" x 56”| 20” 
four patterns run simultaneously — 
any size work, any height molds 1é 4025H 28'0 4000 Ib 40” x 66"| 23” 
within the range of the unit can be sill ae ‘ 
handled without slowing the opera- 60350K a 6000 Ib 48 72°| 28 
tion. Pattern changes can be made 18 9030H cioMe 9000 Ib 3” x 64" 275 
instantly —without downtime. i j a ; : » 
This is the unit that keeps costs in | 5 2032H 310 12000 Ib 54° x 90°} 28 
line regardless of the level of opera- 18/0 15032H 310 15000 Ib 54” x 90"| 27” 
tion. As few as two men or as many as 
six men can be assigned to the unit, 
depending on the production required. 
Best of all, there are no pits required 
the entire unit is installed above- wa 
floor level. Only the B&P Hydra-Mold Normal flask size shown for four station Roto-Mold 
offers all of these advantages. 
































*Roto-M | Rol-A-Draw mbinations to meet typical requirements 
nal stialehilolal Muito h Ms) Md Teelulul talel-t- Me el an t+) laliiadeileliilelar) 


iat f x r eight station available 





FOREMOST DEVELOPER OF FOUNDRY MACHINERY 


SANDSLINGER ¢ SPEEDSLINGER ¢ HYDRA-SLINGER ¢ SPEEDMULLOR « PREPARATOR 
¢e SPEEDMULLOR-PREPARATOR UNIT e« SHELL SPEEDMULLOR « MULL-ALL 
¢ MULBARO « LAB MULBARO e¢ PNEU-RECLAIM ¢ FORMATIC SHELL MOLD UNIT 
¢e CORMATIC SHELL CORE UNIT ¢ FLEXIBLO « SAN-BLO « WHIRLMIX « ROL-A-DRAW 
¢ ROTO-MOLD « ROTO-FEED « HYDRA-MOLD « BEEP e« SKIPTROL « MULLTROL 
¢ MULLTROLMATIC « BLOMATIC «¢ CORMATIC « NITE GANG « MAGNARATOR 


: Div. Pettibone Mulliken Corp 
2424 N. Cicero Avenue 
Chicago 39, Illinois 
‘ _— — 
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WE ARE NOW SELLING TO ZENITH 
---SOON, WE MAY SHIP TO THE MOON! 


DELTA FOUNDRY PRODUCTS GO FARTHER 
--WORK BETTER..COST LESS.. 


and satisfy more people 


who know what they want in product performance in foundry production 


During the past 25 years, millions of gallons ... and even more 
millions of pounds ... of foundry products have been manufac- 
tured and shipped by DELTA, to foundries all over America.** 


Results ...? Faster production of millions of tons of finer- 
finish castings. Savings of a million hours of cleaning room time 
-+-a million problems in a thousand foundries “liquidated” by 
the introduction of a host of new foundry products... innova- 
tions ... “Famous Foundry Firsts”... by DELTA. 


Twenty-five years of achievement. A quarter 
century of “Teamwork in Foundry Science and 
Chemical Research” that has matched the era of 
greatest progress in the history of the foundry 
industry in America. Delta is now in its 26th year 
«+. another quarter century of progress has begun. 


*Zenith Foundry Co., West Allis, Wis. 


**Delta Foundry Products are used in other 
countries of the world, too, for the same 
scientific and economic reasons. 


\ 
la 


DELTA OIL PRODUCTS CORP. 
MILWAUKEE 9 WISCONSIN 


DELTA 
© 
CORE yo ga peng AS 
Plastic - powder -type 
steel, aan toe iron and non- 
ferrous castings. 
* 


PARTINGS 
Powder Type, Liquid Type 
Concentrate 
« 
SPECIFICATION CORE OILS 
to meet every core making and 
baking requirement. 
* 
CORE RESINS 
e 
CORE BINDERS 
© 
SILICATE-COLD PROCESS 
BINDERS 
© 
MOLD SPRAY BINDERS 
. 
MUDDING AND PATCHING 
COMPOUNDS 


a 
SPECIALTY PRODUCTS 
Chill Oil * Sand Conditioning Oil ¢ 
Sand Release Agent * Permi-Bond 
* Core Adhesives * Ingot MoldKoats 
* No-Vein Compound * Mold Seal 
Compounds * and many others. 


MANUFACTURERS OF SCIENTIFICALLY CONTROLLED FOUNDRY PRODUCTS 


4 Circle No. 216, Page 167-168 Circle No. 217, Page 167-168 
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Louthan 
gate tiles 
cut foundry costs 


You minimize casting problems, 
get cleaner castings when you 
use Louthan refractory gate tiles 
(elbows and tees to match). They 
prevent erosion of the gates in 
steel castings, safely withstand 
high temperatures, will not react 
with the molten metal. All popu- 
lar diameters and lengths can 
be furnished. 

Write for Free Gating 

and Risering Refrac- 

tory Folder. Complete 


file of specifications on 
all Louthan products. 


LOUTHAN 


MANUFACTURING COMPANY 


A DIVISION OF iD CORPORATION 


EAST LIVERPOOL, OHIO 








Circle No. 158, Page 167-168 
16 ° modern castings 


Build an idea-file for improvement and profit. 
The post-free cards on the last page 





STRAINER CORES .. are available in 
standard or custom-made shapes to dup- 
licate drawing or sample. Producer states 
this product, made of silica sand and 
heat-resistant binder, is extra hard. Ru- 
dow Mfg. Co. 


For Manufacturer's Information 
Circle No. 1, Page 167-168 


BLASTING CABINET .. . features two 
independent ceramic-nozzled blast guns 
for clearing small articles, crevices, 
angles and heavy castings. Cyclone Sand- 
blast Equipment Co. 


For Manufacturer's Information 
Circle No. 2, Page 167-168 


TRIM PRESS .. . for trimming castings 


by high-speed hydraulic action. Thirty- 


five ton press. B & T Machinery Co 
For Manufacturer's Information 
Circle No. 3, Page 167-168 


NEW TUMBLING MEDIA .. . claimed 
to offer up to 10 times the useful life 
of conventional materials. Shapes  suita- 
ble to meet specific needs, materials can 
be used without tumbling solutions. Dix- 
on Sintaloy Inc. 


For Manufacturer's information 
Circle No. 4, Page 167-168 


FIRE-RESISTANT hydraulic fluid 
minimizes danger in case hydraulic lines 
serving die-casting machines break. Cel 
anese Corp. of America, Chemical Div. 


For Manufacturer's information 
Circle No. 5, Page 167-168 


MEASURES THICKNESS ... 
ings and platings on base materials. 
Non-destructive measurement instrument 


of coat- 


will bring more information on these new .. . 


determines thickness of metallic film or 
foil and detects surface and subsurface 
cracks in smooth and rough coatings on 
castings. Gulton Industries. 


For Manufacturer's Information 
Circle No. 6, Page 167-168 


EXPANSION BOLT claimed to 


allow assembly of two or more castings 


without necessity of tapping holes i 
the castings. Kirel Inc. 


For Manufacturer's Information 
Circle No. 7, Page 167-168 


KNURLING TOOL rehabilitates 


worn castings by raising the metal in 


the bore. Guides fit all diameter bores 
up to 12 in. Peerless Tool Co 


For Manufacturer's information 
Circle No. 8, Page 167-168 


HAND CUTTING TORCHES .. . in 
jection-type, feature smooth gradual oxy 
gen flow. Air Reduction Sales Co 


For Manufacturer's Information 
Circle No. 9, Page 167-168 


said to eliminate 


SAFETY TONGS ... 


spills in case crucible cracks. Tongs 


Continued on page 18 
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“TI always get good ductility using calcium alloys”’ 


Steel foundries employing aluminum deoxidation 

obtain improved properties by making a supplementary 
addition of calcium-silicon or calcium-manganese-silicon 
to the ladle. These calcium alloys help obtain consistently 
good ductility in the tensile test. Many foundries also report 
improved fluidity with the calcium additions. Generally 

3 to 5 Ibs. of alloy per ton insure effective treatment. 


UNION CARBIDE METALS COMPANY, Division of Union 
Carbide Corporation, 30 East 42nd St., New York 17, N. Y. 


The terms “‘Electromet” and “Union Carbide” are registered trade-mark 


tact your 
UNION CARBIDI 
METAI 
representative 


r further 


Si ite). | 
fo7 Vii-jiei= METALS 


Electromet Brand Ferroalloys 
and other Metallurgical Products 








products and processes 
Continued from page 16 

grasp crucible around base. Use circle 

number for more information. Inducto- 


therm Corp. 
For Manufacturer's Information 
Circle No. 10, Page 167-168 


PORTABLE HARDNESS TESTER .. . 
for testing castings inaccessible to bench- 
type hardness testers. Two models: 4- 
1/2 and 12-in. diameter or thickness 
capacity. Riehle Testing Machines. 


For Manufacturer's Information 
Circle No. 11, Page 167-168 


AIR-POWERED DRILL .. . for close 
corner work weighs 5 lb and reported- 
ly produces increased power on less air. 
Drilling capacity, 9/16-in.; reaming 
and tapping, 3/8-in.; 450 rpm. Thor 
Power Tool Co. 
For Manufacturer's Information 
Circle No. 12, Page 167-168 


STATIONARY AIR COMPRESSOR .. . 
delivers up to 835 cu ft of air per min 
at 100 psi. Atlas Copco. 


For Manufacturer's Information 
Circle No. 13, Page 167-168 


TORCH BURNERS reportedly 
offer 10 to 1 turndown without sacrifice 
of flame stability. No air blower required. 
Bryant Industrial Products Corp. 


For Manufacturer's Information 
Circle No. 14, Page 167-168 


FIVE FERROALLOYS .... in crushed 
form are now packaged in pre-weighed 
bags. Eliminates weighing and handling 
of loose material. Electro Metallurgical 
Co. 


For Manufacturer's information 
Circle No. 15, Page 167-168 


PROTECTIVE CLOTHING . . . made 
of aluminized rayon reportedly offers 
added strength and heat resistance. 
Wheeler Protective Apparel, Inc. 
For Manufacturer's Information 
Circle No. 16, Page 167-168 


SOLID FILM LUBRICANT . . . report- 
edly greatly increases wear life of mov- 
ing parts operating in oil or grease. 
Electrofilm Technical Service. 
For Manufacturer's Information 
Circle No. 17, Page 167-168 


VERNIER SCALE MAGNIFIER 
provides sharp enlargement of — scale 
lines for more exact readings. Includes 
two magnets embedded in base for 
attaching to metal scales. Bausch & 
Lomb Optical Co. 


For Manufacturer's Information 
Circle No. 18, Page 167-168 


CARBON BRICK . .. and other shapes 
made by automated process that cuts 
production time from weeks to minutes. 
Claims higher quality carbon. National 
Carbon Co. 


For Manufacturer's Information 
Circle No. 19, Page 167-168 


DUCTILE BY PLUNGE newest 
technique for producing ductile iron is 
said to be plunging a refractory basket 
containing magnesium additive into a 
ladle of iron. Method is said to eliminate 
flame and smoke, lower treating cost, 
and produce cleaner iron, Package de- 
signed for method contains weight of 
alloy needed for treatment of specific 


modern castings 


What's the result when foundry experts design facilities for their own company? 
That's the case at Link-Belt's new Ewart Foundry at Indianapolis. Inside and out, it 
employs the very latest in machines and methods . . . ideas that could well lead to 
reduced costs in your foundry. Here's an illustrated tour of this... 


MODEL OF 
MECHANIZATION 


| essed your conception of the “ideal” foundry? Highly mechanized, highly flexible? 
Clean, safe, orderly? An on-the-button description of Link-Belt’s new Ewart facility 
—proud product of the Company's own foundry specialists, and equipped throughout 
with Link-Belt conveying, elevating and preparation equipment. 

Ewart’s efficiency is all the more notable for the variety of work involved. Production 
ranges from small pearlitic chain links to large-diameter malleable sprockets. In addition, 
the foundry can handle molds for special work, small jobs or large production runs. 

The wealth of new ideas born in this installation are now available to the entire industry 

.. can be duplicated in your foundry through a program of step-by-step modernization. 
For specifics, call your Link-Belt office. 


Book 2423 gives details on Link-Belt's com- 
plete line of equipment for mechanizing large 
and small foundries. For a more comprehensive 
description of the Ewart Foundry facilities, 
send for the August 1958 issue of Link-Belt 
News. Write Link-Belt Executive Offices. 


STORAGE AND CHARGING YARD is complete- 
ly covered by steel frame building and served 
by ten-ton overhead crane. Link-Belt Pre- 
Bilt belt conveyor returns sprue from tum- 
bling mills back into charging area. 


pinttt J 


sr 
r 
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SAND HANDLING. Link-Belt distributing belt 
conveyor serves 18 molders. Through a 
unique timing system, plows are operated 
automaticall; to keep molder supplied with 
sand regardless of his hourly requirements. 


MOLDING. Above, molder on Tru-Trac con- 
tinuous conveyor sets cores. To save mold- 
ers’ time, hopper gates are air-operated by 
knee valve, core racks are kept filled, molds 
are carried by conveyor to pouring zone. 


SORTING and spruing take place en this 
Link-Belt No-Leak steel apron conveyor. 
Sand, meanwhile, is carried by two heavy- 
duty Torqmount oscillating conveyors and 
a bucket elevator to reclamation and storage. 


Circle No. 160, Page 167-168 





POURING js continuous. Men pour “on the SHAKEOUT. After cooling, molds and castings 
move,” standing on platform conveyor which are discharged onto Link-Belt oscillating 
travels at same speed as mold-carrying con- conveyor under the floor. It, in turn, dis 
veyor. At left is trolley conveyor on which charges to vibrating shakeout screen that 
shell mold castings are poured. separates sand from castings. 


CONVEYORS AND PREPARATION EQUIPMENT 


LINK-BELT COMPANY: Executive Offices, Prudential Plaza, Chicago 1. To Serve Industry 
There Are Link-Bele Plants and Sales Offices in All Principal Cities. Export Office, 
New York 7; Australia, Marrickville (Sydney); Brazil, Sao Paulo; Canada, Scarboro 
(Toronto 13); South Africa, Springs. Representatives Throughout the World 15,016 


Circle No. 160, Page 167-168 





ladle size. Ohio Ferro-Alloys Corp 
For Manufacturer's Information 
Circle No. 20, Page 167-168 


SHUT-OFF GATES .. . for conveyors 
handling sand, coke and stone said to 
provide trouble-free operation. Features 
self-cleaning double rack. Beaumont 


Birch Co 
For Manufacturer's Information 
Circle No. 21, Page 167-168 


HEAT-TREATING FURNACE .. . salt 
bath type, operates at temperatures of 
1750-2350 F. Used for treating preci- 
sion metalworking tools made of high 
carbon high-chrome and air hardening 
steels. A. F. Holden Co. 


For Manufacturer's Information 
Circle No. 22, Page 167-168 


DRY FILM LUBRICANT .. . supplied 
in 11.5-ounce hand aerosol bombs. Non- 
flammable colloidal graphite reported 
to lower interfacial tensions with oils 
and to cause frictional surfaces to retain 
thicker oil films. Miracle Power Prod 
ucts Corp. 


For Manufacturer's Information 
Circle No. 23, Page 167-168 


CORE MANDREL .. . attachment for 
company’s single station automated cor 


machine reportedly provides close con 


trol of core wall thickness and exception 
il uniformity of cure. SPO, Inc 


For Manufacturer's Information 
Circle No. 24, Page 167-168 


DIE ASSEMBLIES .. . for zine and 
aluminum die-casting enables diecaster 
to replace cavities at minimum cost in 
minutes. Detroit Mold Engineering Co 


For Manufacturer's Information 
Circle No. 25, Page 167-168 


INDIRECT ARC FURNACE .. . fea 
tures roll-over arrangement with mold 
clamp attachment enabling precision in 
vestment mold to be clamped directly 
over pouring hole in furnace barrel 


British Industries Corp 
For Manufacturer's Information 
Circle No. 26, Page 167-168 


CO. SHELL MOLDS — a combines 
close-tolerance aspects of shell molding 
with time, labor and equipment saving 
features of CO, process. National Cyl- 


inder Gas Co 
For Manufacturer's Information 
Circle No. 27, Page 167-168 


WATERLESS MOLDING SAND 

producing high-precision castings is pos 
sible with use of new sand binder. Dry 
binder is used with mix of 120 to 190 
gfn sand, oil and a catalyst. Principal 
advantages are said to be reduction in 


gas on pour-off and use of finer sands 
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CORNELL 


CUPOLA FLUX 


<“_ 


is cleaner iron 
worth a few cents 
per ton of metal? 





That’s all it takes. A little of Famous 
Cornell Cupola Flux added to each cu- 
pola charge of iron purges molten iron of 
impurities. You pour cleaner metal. Your 
castings are easier to machine and have 
greater tensile strength throughout. The 
reason is this: Famous Cornell Cupola 


Flux is a scientifically prepared mixture 


of high-grade fluorspar and other mate- 
rials which increases the amount of slag 
that floats and flows off. Made in scored 
brick form, Famous Cornell Cupola Flux 
is easy to use. Simply toss one brick into 
the cupola! That's all. Cleaner iron will 


be yours! 


‘often imitated but never equalled” 


Try Famous Cornell Aluminum, Copper and Brass Flux, too. Write for Bulletin 46-A. 


en a OU 
. . 
TSGRNEL: 





Tee CLEVELAND FLUX Gonpauy 


1026-40 MAIN AVENUE, N.W. « CLEVELAND 13, OHIO 


Manufacturers of Iron, Semi-Steel, Malleable, Brass, 
Bronze, Aluminum and Ladle Fluxes—Since 1918 


Circle No. 163, Page 167-168 
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modern castings 





principal disadvantage is said to be 
higher initial cost of low clay content 
sand used. Archer-Daniels-Midland Co., 
Federal Foundry Supply Dit 


For Manufacturer's Information 
Circle No. 28, Page 167-168 


AUTOMATIC SAND COOLER 

designed to rapidly reduce the temper 
ature of sand while in transit from 
shakeout to storage bin. Adds water 
to shakeout sand at controlled rate 


Harry W. Dietert Co 
For Manufacturer's information 
Circle No. 29, Page 167-168 


ELECTRIC-POWERED SHOVEL . 


incorporates system controlled complete 





ly by operator’s thumb. Offered with 


ais . 


© 




















~ 


selected speeds and variety of | steel 
scoops. Munson Mill Machinery Co 


For Manufacturer's Information 
Circle No. 30, Page 167-168 


TUBE FILING SYSTEM .. . for rolled 
prints, charts, drawings, maps, etc. in 
enclosed units of four tubes per roll 
file. Two tube lengths: 27 and 33 in 


Plan Hold Corp 
For Manufacturer's Information 
Circle No. 31, Page 167-168 


For over 70 years, Pittsburgh Crushed Steel Company has con- 
sistently led the metal abrasives industry—has led in research and 
product development—has led in the improvement of production 
methods—and has led in sales and service facilities as well as in 
distribution facilities! oe 

; ' HARD FACING 
The results have been better metal abrasives for lower cleaning designed for hot work applications. Re 
costs in foundries, forge plants, and steel and metal working plants portedly will not chip or spall under 
in general! most severe service. Crucible Steel Co 


Today, through 13 distributing points and 33 sales-service offices, of America : 

° . ° For Manufacturer's Information 
we supply all sizes and types of metal abrasives, iron and steel, for Circle No. 32, Page 167-168 
every type of blast-cleaning equipment and for every blast-cleaning 


requirement! 


WEIGHING MECHANISM .. . attach 
ment for fork lift trucks said to be 
Our engineering, sales, and service representatives are always avail- accurate to two-tenths of one per cent 
able to you in connection with your blast-cleaning needs. 


PITTSBURGH CRUSHED STEEL COMPANY 


Arsenal Sta. Pittsburgh (1), Pa. 
Subsidiaries: Globe Steel Abrasive Co., Mansfield, Ohio 
Steel Shot Producers, Arsenal Sta. Pittsburgh, Pa. 


TRU-STEEL SAMSON ANGULAR 
wauueaBrasive | "Si SHOT GRIT 





Weighing 
Mechanisr 


rh 
e 


of «¢ ipacity Available for company 
3000, 4000 and 5000-1b— truck Clark 
Equipment Co 


For Manufacturer's information 
Circle No. 33, Page 167-168 


PORTABLE PYROMETER hand-type 
unit is said to be remarkably rugge 
ind economical. West Instrument Corp 


For Manufacturer's Information 
Circle No. 34, Page 167-168 


| 


Ge 


VA ESS 


0, WOOD SURFACING tool designed 


9 


Continued on page 2 


Circle No. 162, Page 167-168 
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WHEELABRATOR STEEL SHOT 
SLASHES ABRASIVE COSTS 35: 


AT EVINRUDE MOTORS 


This impressive reduction in blast cleaning abrasive costs was accom- 
plished by switching from a malleable type abrasive to Wheelabrator 
Steel Shot. 


According to Mr. Joe Vinette, Foundry Superintendent, ‘“Wheelabra- 
tor’s Abrasive Engineer was very helpful in setting up a program of 
inspection, preventive maintenance, and proper operation of blast 
equipment. A simple record keeping system was established which 
resulted in better cost control information. Following his recommenda- 
tions and switching to Wheelabrator Steel Shot, we have been able to 
cut our abrasive cost by $0.96 per wheel hour!” 

Your Wheelabrator Abrasive Engineer will help you achieve similar 
savings. Write for details of this exclusive service. 


Send for complete information on how Wheelabrator 
Steel Shot can solve your cleaning problems. 


WHEELABRATOR 


630 South Byrkit Street Mishawaka, Indiana 


Canadian Offices: Scarborough (Toronto) — Montreal 


World's Largest Manufacturer of Steel Abrasives 
Circle No. 164, Page 167-168 


* modern castings 





products and processes 
Continued from page 20 


to achieve better standards of crafts- 
manship in patternmaking. Utilizes three 
high-speed steel cutters to eliminate 
possibility of “grab” or “kick-back,” 
according to manufacturer. Clifford A. 
Kroening, Inc. 
For Manufacturer's Information 
Circle No. 35, Page 167-168 


product report... 


Shakeout costs were cut over 60 per 
cent by using a 2500-lb capacity 
fork-lift truck (manufactured by 
Beardsley & Piper Co., Chicago) at 
Crawford & Doherty Foundry Co., 
Portland, Ore. 

The foundry had employed three 
overhead cranes to move molds to 
shakeout and return empty flasks to 
a conveyor. Maintenance on the floor- 
controlled cranes was reported to be 
extremely high. The entire shakeout 
operation involved six men for a com- 
plete eight-hour shift each night. 

A fork-lift truck was purchased to 
handle these molds and flasks. The 


time needed for this job has been 
cut from 48 man-hours to 18. An im 
portant item of crane wear has been 
eliminated, and crane maintenance 
reduced. This truck is further used 
to move castings from the shakeout 
to stress-relieving furnace or to clean- 
ing room. 

Pneumatic tires on the truck take 
the shock out of travel over rough 
foundry floors. The Crawford & Do 
herty plant uses the truck to transport 
cores from the core room to molding 
floors. Company officials report that 
soon, with a few changes in core room 
layout, the foundry will use their 
truck to move all large green cores 
to oven racks. 

In two years of operation in this 
foundry, repair parts have been limit- 
ed to spark plugs, ignition points, fan 
belt, filter elements and gaskets. Com- 
pany officials state that total costs, 
including gas and oil, have been less 
than $400, with no crew downtime 
chargeable to the truck. 


For Manufacturer's Information 
Circle No. 36, Page 167-168 
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Pangborn 
offers a 
new concept 
in electric 
furnace 
exhaust 
hoods! 


After years of development, Pangborn now 
offers effective control of smoke, fumes and 
dust from electric melting furnaces with min- 
imum interference to furnace operations and 
maintenance. The hood design is based on 
the fundamental dust control principle of con- 
fining and capturing fumes and dust immedi- 
ately adjacent the source. Effective control is 
secured with substantially reduced exhaust 
air volumes. 


The Pangborn Exhaust Hood reduces the 
weight carried by the furnace roof; reduces 
hood areas subject to high temperatures; re- 
duces electrode travel limitations and is ap- 
plicable to top and side charge furnaces of 
all types and sizes. 

With the exhaust hood connected to an 
efficient Pangborn Cloth Bag Collector, 
compliance with the most rigid air pollution 
control regulations is assured. For informa- 
tion call the Pangborn man in your area or 
write: PANGBORN CORP., 1300 Pangborn 
Blvd., Hagerstown, Md. Manufacturers of 
Blast Cleaning and Dust Control Equipment. 


CONTROLS 


DUST 


Circle No. 


* modern castings 


SHAPE 


safety, hygiene, 


the 


Salmagundi 


A Pain in the Back is... 


I still receive inquiries about de- 
tecting malingering where “back cases” 
are concerned and, frankly, I don’t 
know how one can tell if a back injury 
is real or faked. For example, I think 
my boss’s back pains are real; I’ve 
seen him walk with a 10 degree list 
when he couldn’t have possibly known 
that anyone was watching. (Anyway 
he’d scorn compensation.) In my own 
case, I twisted my back picking up a 
10-lb baby crib and was practically 
immobilized for three days. (Mine 
happened off the job and I couldn't 
collect, ) 

On the other hand, I know of a 
case where the foundry paid perma- 
nent partial disability to a molder fon 
a long time. But the molder’s avarice 
exceeded his guile. You see he forgot 
to tell the newspaper men when they 
wrote him up as the champion bowle: 
in a delightful city of New York State 
He now has his newspaper clippings 
but no further compensation checks. 


The Daily Double 
A brass foundry in Newark, N.]J., 


never bothered with pre-employment 
physical examinations 
day the owner hired a man. After 
one year’s employment the man filed 
a claim for silicosis. The owner moaned 
and told his plight to a neighboring 
foundryman. During the discussion it 
developed that the same man _ pre- 
viously sought employment with the 
neighbor, But the neighbor had a pre- 
employment physical-examination-pro- 
gram. His plant physician’s pre-em- 
ployed examination disclosed that the 
man already had silicosis. 

A letter to the former employer 
brought the response that the man 
had contracted silicosis in a Pennsyl- 
vania mine and was already receiving 
compensation under Pennsylvania’s 
Workmen’s Compensation Act. Our 
man wanted to collect in two states. 
Caveat emptor! 


so one 


Now Hear This! 


Occupational loss of hearing is now 
a problem confronting all industry... . 
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Pengborn ROTOBLAST 


- + + @ Pain in the Neck! 


not just foundries! But here is a new 
twist. We all know sand hoppers jam 
with moist sand and the remedy for 
relieving the bridging has been: (1) 
balloon liners, (2) electric vibrators, 
(3) pounding hell out of the hopper 
with a mallet, crow bar or any tool 


which will effectively dent the hop- 7 F ten el 
per so that it will be in relief over r¢ ee ial 
intaglio, depending on whether you're ” ‘+ i rr 
looking at the inside or outside. =. % > - 

In one foundry using electric vibra- snide ‘4 
tors, the men turned off the vibrators — ome 
and substituted remedy (3) because 
the vibrators were too noisy and the 
pounding noise was in the low fre- 
quencies. It is admitted that remedy 
(3) is quite expensive. 

In my researches, I have uncovered 
the following effective remedy: 

(1) Smooth hopper walls. If new, 
skip step (1). 

(2) Spray the hopper walls with 
epoxy resin. 

(3) Apply a graphite-resin paint. 

I am told this treatment will last 
one to two years and will eliminate 


° ° ; 1e > i »wy 2 
bridging. The investment in a new 20 cu. ft. Pangborn 


Pangborn Rotoblast Barrel has really paid off for 
— Meadville Malleable Iron Co., Meadville, 
Physician Heal Thyself Rotoblast Pa.! By switching from a competitive barrel 

At the National Conference on Air of about 12 cu. ft. capacity, the firm now 
Pollution, I attended a session on the cuts man-hours cleans loads three times as large in half 
effects of air pollution on health. the time. Today tote box loads averaging 
Statements were made that there is er da from 1900 Ibs. each are cleaned in 4—5 minute 
a definite connection between lung p y cleaning cycles. As a result, the Rotoblast 
cancer and air pollution. Barrel has cut 24 man-hours per day to 15 

The relationship has never been 24 to 15 at man-hours in the cleaning department and 


proved but has long been suspected. Meadville greatly improved the quality of the work. 
The suspicion arises from the fact that How much time and money can Pangborn 


mortality rates for lung cancer among Malleable Rotoblast save you? It would pay you to 
city dwellers are considerably higher talk to the Pangborn man in your area. Or 
than for those among rural groups; | write PANGBORN CORP., 1300 Pangborn 
also from the evidence that many pol- ron Bivd., Hagerstown, Md. Manufacturers of 
lutants found in city air are known to Blast Cleaning and Dust Control Equipment. 


produce experimental cancer in ani- 





mals. 

During the session, some of the 
physicians who feared the effect of 
air pollution on their lungs, were en- 


CLEANS IT FAST WITH 
ROTOBLAST 
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joying a cigarette . . . without filters 
vet! The session room looked like the 
London fog. I went outside to the 
industrial district to get a breath of 





cleaner air. 
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use these handy selection charts to 


FACTORS TO CONSIDER IN SELECTING CHAPLETS 








QO catcutate WEIGHT OF CORE 


Purpose of chaplets in the drag side of mold is merely to hold core weight 
until metal is poured. Core weight = .06 Ibs. per cu. Inch of Core 


























@) caccutate Lirt oF core 
Purpose of chaplets in the cope side of mold is to withstand lift exerted by 
metal, which is 3.5 times the weight of the core for grey iron and 3.9 for 
steel. Core weight x 3.5 or 3.9 = Lift of Core 























©) compensate FOR PRINTS AND SUPPORTS 


Where prints or supports exist, load calculations should be reduced 











proportionately. 





Q CALCULATE SUPPORTING CAPACITY OF SAND 
Green sand in cope and drag will support approximately 5 Ibs. per Sq. Inch. 
To determine required head area, divide load by 5 Ibs. — 
Load on Chaplet ~I=) 
5 Ibs. 
Baked Sand Cores will support 50 - 75 Ibs. per Sq. Inch. To determine re- ' 
quired head area [or bearing surface), divide load by 50 - 75 Ibs. | 


Where cores are so heavy that an excessive number of chaplets would be 

required, ram-up cores may be used to increase the bearing surface of green T+ ' ye By 
sand. For example: A chaplet with 1” head in green sand will support only . | caun sano | pete | 
5 pounds. A 2” ram-up core (4 Sq. Inches) will provide a bearing surface to — 
support 4 times 5 |bs., or 20 Ibs. 





== Sq. Inches of Chaplet Head Area Required 


coun sano | 








O catcurate SUPPORTING CAPACITY OF SAND 


Required Head Area (Sq. In.) 


aaa patentee tn N f Chaplet i 
Area of Each Chaplet Head (Sq. In.) ay at Sagas Suaeee 


STEM DIAMETER 








6) USE THIS CHART TO CHECK SAFE LOAD ON STE 


200 300 
SAFE STEM LOAD — POUNDS 





@2 consiver EFFECT OF LOCATION AND TEMPERATURE 


When chaplet location is near the gate (heavy flow of metal), or, when 
steel is poured at high temperatures, allow up to 50%, additional stem size 
to compensate for effect on chaplet. 














The chaplet you select for any casting can make a great difference in its quality . . . and in 
its overall costs. Too light or too small a chaplet may result in improper core support and a 
poor casting, too large or too heavy a chaplet increases chaplet costs unnecessarily. Use this 
graphic information to determine the correct chaplet to insure proper core support. 
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insure proper selection of proper type of chaplets for your job 


fie FANNER CHAPLETS are made in a wide range of types for every need 


CHARACTERISTICS APPLICATIONS 
For Light Sections of 


Motor Blocks * Heads * Housings 
Radiator Sections * Burner 
Sections © Pump Sections * Farm 
Equipment * Job Castings 





For Boiler Sections 





For Light Sections of 


Stove Castings * Motor 
Castings * Job Castings 





For Heavy Sections of 


Machine Tool Bases * Diesel 
Engi et tive Frames 
Side Frames * Pumps * Road 
Machinery 








For Very Heavy Cores of 


Diesel Engines * Machine Bases 





For Radiator Sections 


Burner Sections © Pump Sections 
Farm Equip t © Job Casting 








For All Thin Sections of 


Manifolds * Stove Burners 
Cylinder Heads 





SPECIFY FANNER GROOVESTEMS TO ELIMINATE LEAKERS 


Your best insurance against faulty castings is the GROOVESTEM 
chaplet with the Countersunk Shoulders, Featheredge Fusion 
Rings, and Complete Contact Radius Grooves. 


When you need chaplets remember that only FANNER makes a complete line for every casting 
requirement. Regardless of the kind of metal you pour or the type of casting you produce, you 
can secure the exact chaplet you need from this one source. As a result you always save time 

. . reduce costs . . . step-up production when you standardize on FANNER for all your needs. 


FANNER 


Designers and Manufacturers of Fine Fanner Chaplets and Chills 
BROOKSIDE PARK CLEVELAND 9, OHIO 
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J. A. Ackermann . . . has been named 
sales manager, and J. A. Draxler, chief 
engineer, Elwell-Parker Electric Co., 
Cleveland. Ackermann, formerly chief 
engineer, has been with the company 
since 1923. Draxler, associated with the 
firm since 1937, is promoted from the 
post of assistant chief engineer. 


A. W. Gruer, Jr. was elected in 
January to the board of directors, Caron- 
delet Foundry Co., St. Louis. He will 
continue his duties as manager of sales 
and marketing. 


G. A. Gilbertson . . . president, Frank G. 
Hough Co., Libertyville, Ill., was elected 
president of the Construction Industry 
Manufacturers Association at the annual 
meeting of the group in Dallas, Texas, 
in January. 


W. L. Kurz . . . has been elected sec- 
retary, W. W. Sly Mfg. Co., Cleveland. 
He will continue his present duties as 
assistant to the president. Kurz has been 
associated with the manufacturer of dust 
control systems, industrial ovens, blast 
cleaning and tumbling equipment for 
more than ten years. 


R. M. Trent . . . is now president, and 
R. H. McCauley, director, Pangborn 
Corp., Hagerstown, Md. In 28 years with 
the company, Trent has served as Pitts- 
burgh and West Coast district manager, 
and since 1957, as executive vice-presi- 
dent. McCauley has been the firm’s gen 
eral counsel for 30 years. 


A. H. Jones . . . has been elected vice- 
president, sales and engineering, of W. 
W. Sly Manufacturing Co., Cleveland. 
He will continue to supervise product 
improvement and new product develop- 
ment programs and will direct expansion 
of customer service. He is a member 
of AFS, Northeastern Ohio Chapter. 


R. E. Orr has accepted appoint- 
ment as sales engineer, Gregg Iron 
Foundry, El Monte, Calif. He was form 
erly with Renfrow Foundry, Los Ange- 
les, and is a member, AFS Southern 
California Chapter. 


George Vingas formerly research 
director, Wehr Steel Co., Milwaukee, is 
now research director, Magnet Cove Bari 
um Corp., Des Plaines, Ill. He is Chair- 
man of the Mold Surface Committee, 
AFS Sand Division. 
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D. S. Goebel . has succeeded the 
late J. E. Magee as Chicago district 
sales manager, Wisconsin Centrifugal 
Foundry, Inc., and Wisconsin Stainless 
Foundry & Machine Corp., both of Wau- 
kesha, Wis. He was formerly with the 
American Smelting & Refining Co., Bar- 
ber, N.J., in charge of midwest sales 
operations, Continuous Cast Products. 


M. M. Adkison . . . has joined the staff 
of Alabama By-Products Corp., Birming- 
ham, Ala., as foundry service engineer. 
He was with American Cast Iron Pips 
Co., Birmingham, for many years as melt 
ing supervisor and later with Jackson 
Industries, Production Foundries Div., 
Birmingham, Ala. 


. has been elected vice- 
president, research and development, 
Engineering Castings, Inc., Marshall, 
Mich. Prior to his retirement last Oc- 
tober, Walls was manager of the Detroit 
Technical Section of International Nick- 
el Co. He has been associated with En- 
gineering Castings since 1946 as a stock- 
holder and director. 


F. J. Walls . . 


William Muth . . . has joined the sales 
force of George Sall Metals Co., Phil- 
adelphia, manufacturer of non-ferrous 
metal alloys, and will cover Ohio. 


Lee Paddock is the new foundry 
sales representative in northeastern Ohio 
for Frederic B. Stevens, Inc., Detroit, 
Mich. Paddock succeeds Frank Balsley 
who turned in his briefcase for a fishing 
rod and retired to Florida. 


W. F. Wheeler, Jr. former vice- 
president, has been elected executive 
vice-president and a director of Ameri- 
can Chain & Cable Co., New York. W. 
F. Wheeler, Sr., with more than 42 years 
of continuous service with the firm, has 
resigned as chairman of the board and 
chairman of the executive committee. He 
will continue as a director and member 
of the executive committee. 


Wm. J. White has become asso- 
ciated with Carver Foundry Products 
Co., Muscatine, Iowa. He is devoting his 
time to the sales and service of CO, 
equipment and supplies. 


W. M. Harper . . . has been appointed 
sales manager in the Cleveland district 
office for Pangborn Corp., Hagerstown, 
Md 


Gordon McMillin . . . has been elected 
president of Canadian Steel Wheel Ltd. 
The firm is jointly owned by English 
Steel Corp., a subsidiary of Vickers 
(England) and Canadian Steel Foundries 
Ltd., a subsidiary of A. V. Roe Canada 
Ltd. McMillin is also president of Cana- 
dian Steel Foundries Ltd. 


R. E. Lenhard former executive 
vice-president, Air Reduction Sales Co., 
Inc., New York, has been appointed pres 
ident of the division. He succeeds J. H. 
Humberstone who, as vice-president of 
the parent firm, will devote full time 
to corporation affairs. 


J. M. Kane . . . has been promoted to 
director of foreign group and director 
of central staff by American Air Filter 
Co., Louisville, Ky. J. G. Liskow has 
been named sales manager in the newly- 
created process air division. 


G. C. Rodgers has been selected as 
manager of the same division, brought 
about by merger of the dust control and 
engine and compressor products depart 
ments. 


J. H. Bruemmer . . . has been pro- 
moted to general accountant, Hamilton 
Foundry & Machine Co., Hamilton, 
Ohio. His new duties will consist of 
general accounting and assisting the 


comptroller—D. J. McCormick. 


F. W. Lamb . has been appointed 
general sales manager of Chicago Hard- 
ware Foundry Co., Chicago. He will su- 
pervise all the firms foundry sales di- 
visions including welding rods, ferrous 
and non-ferrous castings; automatic hot- 
air-dryers and chairs, stools and tables; 
and all marketing activities. 


F. R. Anderson has been named 
chief metallurgist of Gardner Denver 
Co., Quincy, Ill., and will supervise 
metallurgical operations of all divisions. 


R. D. Everett . . . has been made gen- 
eral superintendent of Melrose Park 
Works, National Malleable & Steel 
Castings Co., Melrose Park, Ill. Everett 
had been finishing department superin- 
tendent in the firm’s Sharon, Pa. works. 
Harry Matthieson . . . has accepted the 
newly-created post of vice-president of 
process engineering, Arwood Precision 
Casting Corp., New York. He was form- 
erly plant manager of the firm’s Brook- 
lyn plant. J. J. Shiel has been promoted 
to plant manager. 


C. B. Murton . . . will fill the position of 
sales manager, Vesuvius Crucible Co., 
Swissvale, Pa. Murton recently won rec- 
ognition in the metal industry for his 
invention of a new graphite stopper 
head—claimed to be the first major 


J. G. Kropa . will assume responsi- 
bility for casting sales, in addition to 
his present duties as manager of found- 
ries, Chain Belt Co., Milwaukee. 


Continued on page 30 








A Lester B. Knight & Associates, /nc. Case History 





The Knight organization's practical ‘‘working type” 
approach to foundry problems results in specific, 
tangible benefits. For one client, Knight recommendations 
reduced manufacturing overhead 58%. Installation of 
flexible budgets, carried to the foreman level, improved 
methods and increased productivity, substantially 
reduced costs in all departments (without capital 
expenditures). These and other changes—in 
manufacturing approach and work-in-process methods— 
made possible a doubling of profits over the 

last three years, 


For consultation on any foundry problem, 
large or small, call on 
Lester B. Knight & Associates, Inc. 


KNIGHT SERVICES INCLUDE: 


Foundry Engineering « Architectural Engineering »* Construction Management «+ Organization 

Management « Industrial Engineering * Wage lncentives «Cost Control «+ Standard Costs 

Flexible Budgeting ¢ Production Control ¢ Modernization ¢ Mechanization e Methods 
Materials Handling «Automation « Survey of Facilities « Marketing 


Management, Industrial and Plant Engineers 


Member of the Association of Consulting Management Engineers, Inc 
549 W. Randolph St., Chicago 6, Il! 
917 Fifteenth St., N.W., Washington, D.C 
New York Office—Lester B. Knight & Associates, 375 Fifth Ave., New York City 16 
Knight Engineering Establishment (Vaduz), Zurich Branch, Bahnhofstrasse 17, Zurich, Switzerland 
Lester B. Knight & Associates, G.M.B.H., Berliner Allee 47, Diisseldorf, Germany 
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advancement in stopperhead design in 


ca 
30 years. B. R. Shipley was named as- 
nc red Se ore ro uc t n sistant sales manager. 


A. D. Blake . . . is the new sales engi- 


with the NEW Low-Pressure Air eee ee 


trol engineer with General Electric Co. 


and Ford Motor Co., he will be respon- 
SH a LL COR t ot LOWE be sible for sale of spectrochemical instru- 
ments. 
M. D. Scraggs . . . has accepted a 
Th HARRISON 300 H "e BI ” position with the industrial engineering 
e rl Or- O department, Crane Carrier Corp., Tulsa, 
Okla. He is a member of AFS Tri-State 
Chapter. 


W. G. Munro... is now a foundry 
engineer for Beardsley & Piper Div., 
Pettibone Mulliken Corp., Chicago. He 
is a member, AFS Tennessee Chapter. 


E. S. Valentine . . . has accepted a 
position with O. L. King & Co., Berke- 
ley, Calif. He is a member, AFS North- 
ern California Chapter. 


Jack Cole . . . is now the iron foundry 
superintendent for Enterprise Foundry 
Co., Detroit. 


F. H. Reuwer . . . is the foundry man- 
ager of Sibley Machine & Foundry Corp., 
South Bend, Ind. He was formerly with 
Lester B. Knight & Associates and is a 
member, AFS Chicago Chapter. 


T. V. Linabury . . . has accepted a 
position with Miller & Company, Chi- 
“Cor-Blo” produces Shell Cores up to 10” in diameter, cago. He is a member, AFS Chicago 
12” in height. 6” Draw, 10’ Opening between Heater Chapter. 

Plates. Larger models also available—Manual, Semi or 


Full Automatic. R. E. Clisby retired as head of 


Wellington Machine Co. and_ Sterling 


. > Co. ‘ellington, hio. His 

Low-Cost, Manually Operated 300-H |: .°3: tesco 

2 S o M hi e ' ee - the firm. J. E. nad - 

eS < ec exec t c ce-presiac : ° 

-Station Machine for Price of One! <3.) ses 8 
Wellington Machine. 

In the 300-H HARRISON “Cor-Blo” we have met 


FEATURES 
the need for a low-cost manually operated shell 


V. H. Patterson . . . former sales man 
it is now possible to con- bl ager with Texas — has taken a 
vert many of your present core blower to complete our line of semi and full position as metallurgical engineer fon 
Alumi . uv ; : : 

x ¢x-x-- Vanadium Corp., New York. 


L : : 
2.0 aa automatic Shell Core and Mold Machines. It has 


Harrison Patented Self- big output, controlled shell core quality for better H. F. Carver . . . has been promoted 
Feeder capacity—200 Ibs. to assistant general manager of Gleason 


Resin Coated Sand. castings and will handle different cores at each Works, Rochester, New York. He will 


2-Station Shuttle Type for 
one or two operators. 


Each Station has roll-over priced for the smallest foundry—or the big foundry 
action, center pivoted. 


continue as vice-president in charge of 


station. It’s built for continuous operation and 
sales and member of the board. 


; with a need for high quality core w D. A. Swanson . . . has advanced from 
Powered by air cylinders. gq Y e work. vice-president to president of Boston 


4 “yon a Electric Steel Castings Co 
correc n ; : y gs Co. 
for different sized cores. WRITE FOR FREE BULLETIN 300-H 
H. F. Hirschel . . . has been awarded 
a diploma in Industrial Management by 
ACHINE co La Salle University. He is a member, 
“i AFS Philadelphia Chapter and Lehigh 

Designers and Manufacturers Valley Foundrymen’s Association. 
of a full line of WwW. : Ellison “a has joined Federal 
Shell Mold and Core Blowers Foundry Supply Div., Archer-Daniels- 


Manual, Semi or Full Automatic Midland Co., Cleveland, as sales repre 
sentative in Western Illinois. He will 


WESLEYVILLE + ERIE, PENNSYLVANIA | continued on page 3s 
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These machine castings, made in aluminum, by 
Elmira Pattern Works, Elmira, New York. 


All components of these castings are made of magnesium by the 
Curto Ligonier Foundry, Melrose Park, Illinois. 


For greater precision. ..in magnesium and aluminum 


castings... use PETRO BOND* 


Foundrymen . . . using PETRO BOND as their bonding agent 
obtaining greater precision in their castings. 

PETRO BOND SANDS are reusable again and again with only 
infrequent remulling and rebonding . . . resulting in greater profits. 
PETRO BOND is a formulated bonding agent, 

bonding sand with oil instead of water . . . less 

gases formed . . . permits use of finer sands 

with lower permeability . . . gives a finer finish. 





You can count on precision castings . . . using 

all ordinary foundry equipment when you use BAROID > 
aa | : DIV 

PETRO BOND! NATIONAL Lean VISION 


#OUtTON. Tenag 


*Registered Trademark of National Lead Co. 


ol BAROID CHEMICALS, INC. 


A SUBSIDIARY OF NATIONAL LEAD COMPANY 


1809 SOUTH COAST LIFE BLDG. HOUSTON 2, TEXAS 


PETRO BOND is available from dealers listed herewith: 


Alabama—Foundry Service Co., Birmingham. California—Independent Foundry Supply Co., Los Angeles- Industrial ndry Supply Co., Oakland 7. WMlinois— Americ 
Steel & Supply Co., Chicago 28—Western Materials Co., Chicago 3—Mathens Company, Moline—John P Moninger, Elmwood rk. Indiana— Stee n Sales ( M 

Massachusetts—Klien-Farris Co., Inc., Boston 11. Michigan—Foundries Materials Co, Coldwater—Foundries Materials Detroit—Warner R. Thompsor 
Minnesota—Smith-Sharpe Co., Minneapolis. Missouri—Walter A. Zeis, Webster Groves. New Jersey—Asbury Graphite M nc., Asbury. New York t 
Equipment Co., Buffalo—Geo. W. Bryant Core Sands, Inc., McConnellisville. Ohio—The Buckeye Products ( ncinnat 5The Hoffman F iry Supply 
land 13. Oregon—La Grand Industrial Supply Co., Portland 1. Pennsylvania—Pennsylvania Foundry Supply & Sand Philadels 24. Tennessee 
Chattanooga 2. Virginia—Asher-Moore Company, Richmond 25. Washington—Carl F. Miller & Co., Seattle « nn & Sn f pokane. Wisconsin 
Supply & Equipment Co., Milwaukee 4. Canada—Canadian Foundry Supplies & Equipment Ltd., Montreal 30 (Main O ynd Toronto 14, Ontar 


Robt 
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¢ Unground Sand 4098 4085 4060 4040 4030 4020 5040 5030 5025 





Ret on 20 Mesh 2.2 
; Thru 20 ret on 30 38.6 12.4 5.6 0.6 0.4 0.4 
j Thru 30 ret on 40 57.6 70.8 56.2 37.2 30.2 21.2 4.0 1.2 0.6 
td Thru 40 ret on 50 1.4 16.3 34.8 52.0 55.8 51.4 34.8 30.4 23.8 
| Thru 50 ret on 70 0.2 0.5 2.8 9.0 11,4 20.6 44.4 48.2 42.0 
: Thru 70 ret on 100 0.6 1.0 1.8 5.2 14.4 17.8 26.4 
Thru 100 ret on 140 0.2 0.4 1.0 2.0 2.0 6.2 
: Thru 140 ret on 200 0.2 0.4 0.4 0.8 
+ Thru 200 ret on 270 0.2 
Grain Fineness (AFS) 25.88 30.49 33.72 37.48 38.82 42.22 49.96 51.64 56.90 
Unground Sand 5015 5010 5005 7030 7020 7010 c-30 C-10 


Ret on 20 Mesh 
Thru 20 ret on 30 












"e Thru 30 ret on 40 1.2 0.4 0.2 0.2 0.2 i 
a Thru 40 ret on 50 15.2 11.2 4.4 3.0 2.4 0.4 Poe 
a Thru 50 ret on 70 40.2 35.2 31.2 26.2 18.0 8.2 10.4 0.2 Bee, 
tas Thru 70 ret on 100 35.4 37.4 41.2 42.0 45.0 46.6 28.4 8.4 wae 
Thru 100 ret on 140 6.4 10.8 15.4 16.4 20.0 23.2 44.8 50.2 
Thru 140 ret on 200 1.2 4.0 5.6 9.6 11.0 15.4 18.8 28.2 
Thru 200 ret on 270 0.4 0.8 1.4 1.8 2.4 4.2 5.0 8.8 
Thru 270 ret on 325 0.2 0.6 0.8 1.0 2.0 2.6 4.2 
Grain Fineness (AFS) 60.20 66.92 73.92 79.36 84.42 95.44 108.22 124.60 
Ground Sand (Flour) 80M 100M 140M 200M 300M 325M 400M 
Ret on 60 Mesh 10/20% 
Thru 60 ret on 100 25/30% 5% 
Thru 100 ret on 140 15/20% 14% 4% 1% QURE S 
Thru 140 ret on 200 10/15% 16% 6% 4% 2% Trace *|- “% 
| Thru 200 mesh 25/40% 2 wEORDN “ 
Thru 200 ret on 270 10% 12% 6% 2% 0.5% Trace OQ 
Thru 270 ret-on 325 12% 8% 9% 11% 4.5% 2% G4] 
Thru 325 mesh 43% 70% 80% 85% 95.0% 98% 
! 








FINE SHELL MOLDING SANDS 
STANDARD CASTING SANDS — BLASTING SANDS 
SILICA FLOUR — LIGHT METAL CASTING GRADES 


Wedron offers you a complete line up of casting one of the purest silica sand deposits in the 

sands — anything needed for every casting need ! nation). Second is the modern, completely 

This means you get the advantages of one source equipped Wedron plant, which turns out a supe- 

of supply for all the sand you need — sand of the rior silica product and makes all grades available. 

highest quality, too. Look to Wedron for the complete line of quality 
Now this Wedron quality stems from two casting sands. 








factors. First is the naturally rounded grain sand 
of the Ottawa-Wedron district (this is held to be 


MINES AND MILLS IN THE OTTAWA-WEDRON DISTRICT 


WEDRON {°° 
COMPANY 


135 SOUTH LASALLE STREET, CHICAGO 3, ILLINOIS 
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Choose Lectromelt for the fastest 
electric furnace melting. With 
Lectromelt’s top charging design 
you can quickly lift and swing fur 
nace roofs—cut downtime between 
heats. Lectromelt packs power for 
minimum melting time; and micro 
Floveivia-ht-meelahecelt-Mmaal-lishe-lismelaliielaan 
and fast power input. Tilting is 
smooth, safe, and fast. Write for 
full information—in Catalog 10 


Lectromelt 
rAUl-1.P Ved mmol Rar diel. 


McGRAW-EDISON COMPANY 
310 32nd Street 
Pittsburgh 30, Pennsylvania 
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Model OT Lectromelt Fur- 
nace, helping to produce 
high quality alloy steels 
for Standard Steel Works 
Division, Baldwin-Lima- 
Hamilton Corporation 








Crucible Costs 


by using the right crucible for the job 


Why use a crucible that far exceeds 
temperature requirements... at five times 
the cost... when you can buy DFC’s time 


proven crucibles to do your exact job? 


For risering, pouring, spouting and 
gating, high precision investment casting, 


lost wax process and permanent mold 


ow ew oe ow ee =) 


Please send full information on Crucibles; ! 
Investment Casting, Lost Wax ! 
Casting, Permanent Mold Casting, or 
other metallurgical clay goods__.__$_ | 
1 


work... DFC crucibles are 


adaptable to almost all types of metal. 


low cost 


DFC 


Refractories stamped have 
83 years of blending and firing know- 
how behind them. Their quality, service- 
ability, accuracy and minimum pick-up 


surfacing, are known world wide. 


So take a long look at your crucible 
costs today and you'll find Denver Fire 
Clay will save you money. Write for full 
your crucible 


information regarding 


situation. 


DFC 


THE DENVER FIRE CLAY COMPANY 


3033 BLAKE STREET DENVER, COLORADO 
DENVER © SALT LAKE CITY *© EL PASO 
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let's get personal S VV. 71 /? OV Vibra-Flow 


Continued from page 30 





headquarters at A-D-M’s Rock Island of- 


— VIBRATORY FEEDERS 


Wiser Brown . . . chief industrial engi- 
neer for Aluminum Co. of America, Pitts- 
burgh, Pa., has retired after 36 years of 
service with Alcoa. Brown was the firm’s 
product manager for sand and perma- 
nent mold aluminum castings and in 1949 
was named to direct magnesium prod- 
uct sales exclusively. In 1951 he was 
named to the post from which he re- 
tired. 


G. H. Van Schaik . . . officially as- 
sumed the duties of manager of the 
Chicago district office, Whiting Corp., 
Harvey, Ill. He succeeds R. S. Ham- 


mond. 


obituaries 


O. C. Bueg, owner, Arrow Pattern & —reduce material 
Engineering Co., Erie, Pa., died Feb. 7 
He was Chairman of the AFS Pattern handling cost and 


Division and Assistant Membership Chair- 


man of the AFS Northwestern Pennsy] 2 
vania Chapter. He had been active for speed production 

Designed for efficient, high capacity handling of foundry materials 
scrap, alloys, sand, castings, etc. 

SYNTRON Vibratory Feeders provide a smooth uniform flow of mate 
rials to belt conveyors, screens, ladle streams, molds and other equipment. 
Rate of flow is instantly adjustable over a wide range to meet operational 
requirements. 

Constructed to withstand load impact and excessive wear by abrasion 
SYNTRON Feeders work on an electromagnetic principle that eliminates 
motors, gears, bearings and belts and assures long dependable service with 
low maintenance. 

Let SYNTRON help solve your bulk materials feeding problems, large 

II 
f or small. 


N\A Write for complete catalog data — FREE 
SYNTRON COMPANY 


545 Lexington Avenue Homer City, Penna 











many years both in the Society’s tech- 
nical activities and in chapter affairs 
Ilis widow serves as Memb« rship Chair- 
man of the Northwestern Pennsylvania 


Chapter. 


Other SYNTRON Equipment of proven dependable Quality 





Howard J. Williams, director and re 
tired sales manager, New Jersey Silica 
Sand Co., Millville, N.J., died Feb. 5 
at the University of Pennsylvania hos 
pital. He had been associated with New 
Jersey Silica Sand Co. since 1927. Wil 
liams participated in AFS affairs and was 
active in establishing college foundry 


courses. 


~! 


COUNTER . » 
BALANCED 
BIN VIBRATING HOPPER LEVEL 
VIBRATORS CONVEYORS SWITCHES 


Leo Behrendt, 62, vice-president, Joseph 
Dixon Crucible Co., Jersey City, N.J., 
an expert in metallurgy, ceramics and 
refractories, died in Hawaii on Feb. 11 


He had served as Dixon vice-president } DRY 
VIBRATING . } FEEDER 
SCREENS MACHINES 


since 1948 and for seven years previously 
was manager of its crucible division. H« 
was a member of AFS. 
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how's business... 


Business in the metalcasting industry is certainly picking-up. By 
using statistics provided by the Bureau of Census, Department of 
Commerce, Modern Castings has prepared this special comparison of 
month-to-month metalcasting shipments for the years 1957 and 1958. 
On the left, horizontal bar charts give a direct comparison of each 
month and the accumulative total for the two years. 


The right-hand set of graphs demonstrate the steady 
upswing of business during the last half of 1958. 
Shipments for each month of 1958 are compared with 
the corresponding month in 1957 and the ratio con- 
verted to per-cent. For example gray iron shipments 
were 1,213,000 tons in Jan. 1957 and 868,000 tons in 
Jan. 1958 or about 72 per cent of the 1957 rate. So 
the curve starts at 72 per cent for January and climbs 
to 115 per cent for December when shipments of 
998,000 tons exceeded 864,000 tons in Dec. 1957. 





GRAY IRON 
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‘Give me 
fewer rejects” 
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uniform coke” 


Said the Foundryman 


Order KOPPERS Premium Foundry Coke 


Premium quality foundry coke! That’s exactly what 

Koppers delivers car-after-car. Made from the highest 

quality West Virginia coals, scientifically blended 

and baked the right length of time, Koppers Premium 

Foundry Coke is absolutely uniform in size, strength, 

structure and chemical analysis. With its higher carbon 

content, Koppers Coke enables the foundryman to 

maintain a higher temperature range, thus increasing the 

the cleanliness of the iron. This in turn, helps reduce 

fuel consumption and means lower operating costs all 

around. Next time order Koppers Premium Foundry Coke. 

Available anywhere in the U.S. or Canada in sizes to petri 2 gi gr tata op 
meet your needs. Koppers Company, Inc., Pittsburgh, Pa. exact size and chemistry that is most 


eflicient for the job. Analyses are 


available to your foundry on request 
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FIROX Cupola Mix is made of high purity 
silica, in a carefully balanced screen distribu- 
tion, and a blend of fine clays. FIROX is the 
ideal refractory for the melting zone as it pro- 
duces a strong monolithic lining with a maxi- 
mum on-the-wall density. It expands under 
temperature and forms a surface glass to seal 
out slag and fluxes and retain its refractoriness. 
It is resistant to high temperatures, air blast, 
corrosive slags and other fluxing agents. 
FIROX is produced under strict quality 
control standards to insure thorough coating 
and proper sizing of the aggregates. FIROX 
is easily applied by hand or by air gun.. 
available in bulk or 100 lb. bags. Write today 
for information. 


Provide 
maximum 
protection 

in the cupola 
melt zone with 
Goose Lake 


FIROX 


JCUPOLA MIX 


Pi — 
1s 
ma 


‘ 
+. t 
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FIROX cupola and ladle mix provides 
extra high resistance to acid slags and 
erosive action of the molten metal. 
FIROX improves lining life and reduces 
melting costs. 


“PRODUCTS CO. 


Main Office—Borber Building, Joliet, Illinois 
Soles Office— 208 South LaSalle Street, Chicago 4, Illinois 


MANUFACTURERS OF: GOOSE LAKE Ladle Brick, Ground Fire Clay, Fire Clay Flour; GRUNDITE Bond Clay; FIROX; 


THERM-O-FLAKE Insulation Coating, Brick, L.B. Block, Concrete; CHEM-BRIX, Silica, Carbon 
Circle No. 176, Page 167-168 
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63d @® CASTINGS CONGRESS 
AND ENGINEERED CASTINGS SHOW 


The American Foundrymen’s Society takes great 
pleasure in bringing to your attention the biggest 
annual event in the metalcasting industry .. . their 

63rd Castings Congress and Engineered Castings 
Show. Five days, April 13-17, at the Sherman Hotel 

in Chicago, will be jam-packed with activities tuned 

to the interests of thousands of foundrymen, design- 
ers and casting buyers on hand for the occasion. Out- 
standing highlights of the week include . . . over 100 
top-notch technical papers . . . an industrial exhibit of 
metalcastings by over 80 companies... national awards 


... practical shop courses . . . visits to local foundries... 
luncheons ... banquets. MODERN CASTINGS is privileged to 
unveil in the following pages the complete official program 
and guide to this twin-bill of advanced casting technology 
and know-how. Use it to plan your week at the Show. 


Sherman Hotel will be scene of 
metalcastings Show and Congress 


AFS banquets to be at Morrison 
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FLOOR PLAN OF THE 
ENGINEERED CASTINGS SHOW 


Design engineers and castings buyers throughout the nation 

have been invited to the 1959 Engineered Castings Show, the 
only exhibition planned as a demonstration of the engineering 
properties, adaptability and the ultimate end economy of cast 
metal components. Following is a listing, correct as of March 2, 
of the firms who will display castings, pattern equipment, alloys 
and test apparatus at the Sherman Hotel, April 13-17. 


Adirondack Steel Casting Co., Water- 
vliet, N. Y. Steel castings . 719-723 


American Brake Shoe Co., New York. 
Gray iron, steel, aluminum, magne- 
sium castings 1124 


American Smelting & Refining Co., 
New York. Non-ferrous alloy ingot 
707 


American Steel Foundries, Chicago. 
Steel and gray iron castings 602 


Apex Smelting Co., Chicago. Non- 
ferrous alloy ingot 1120 


Morris Bean & Co., Yellow Springs, 
Ohio. Magnesium castings $33 


Bendix Foundries, Teterboro, N. J. 
Non-ferrous castings 305 


Berlin Chapman Co., Berlin, Wis. 
Gray iron and aluminum castings 


719-723 


Brillion Iron Works, Inc., Brillion, 
Wis. Gray iron and aluminum cast- 
ings 1215 


Brush Beryllium Co., Cleveland. Ber- 
yllium and beryllium alloys 407 


Buckeye Brass & Mfg. Co., Mans- 
fied, Ohio. Ferrous and non-ferrous 
castings 708 


Castall Precision Products Co., Chi- 
cago. Ferrous and non-ferrous cast- 
ings 404 


Casting Engineers, Inc., Chicago. 
Stainless and low alloy steel cast- 


ings 719-723 


Chicago Foundry Co., Chicago. Gray 
iron castings 1228 


Consolidated Foundries & Mfg. Corp., 
Chicago. Gray iron, steel, and alumi- 
num castings 719-723 
Crucible Steel Casting Co., Milwau- 
kee. Steel castings 719-723 
Crucible Steel Casting Co., Cleve- 
land, Steel castings 719-723 
Curto-Ligonier Foundry Co., Melrose 


Park, Ill. Aluminum and magnesium 
castings .. 318 
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Devcon Corp., Danvers, Mass. Plas- 
tic patternmaking materials 310 


Dixie Bronze Co., Birmingham, Ala. 
Non-ferrous castings and weldments 


1116 


Doehler-Jarvis Div., National Lead 
Co., New York. Aluminum die cast- 
ings 808 


Dow Chemical Co., Midland, Mich. 
Magnesium castings 1205 


East St. Louis Castings Co., East St. 
Louis, Ill. Gray iron castings | 319 


Engineering Precision Casting Co., 
Inc., Matawan, N. J. Gray iron, steel, 
brass and bronze, aluminum cast- 
ings 704 


Fabricast Div., General Motors Corp., 
Bedford, Ind. Aluminum and _ alloy 
castings and die castings 411-415-419 


General Electric Co., Schenectady, 
N. Y. Gray iron, steel, brass and 
bronze castings 1221 


Gillett & Eaton, Inc., Lake City, 
Minn. Gray iron and aluminum cast- 
ings 804 


Hampden Brass & Aluminum Co., 
Inc., Springeld, Mass. Aluminum 


Morris Bean & Co. will 
show aluminum castings. 


and brass and bronze castings | 1225 


Benj. Harris & Co., Chicago Heights, 
Ill. Non-ferrous alloy ingot 1101 


Harsch Ebaloy Foundries, Rockford, 
I]. Aluminum castings 719-723 


Hica, Inc., Shreveport, La. Stainless 
steel castings 300-302 


Kaiser Aluminum & Chemical Corp.., 
Chicago. Aluminum casting alloys 
715 


Keokuk Steel Casting Co., Keokuk. 
Iowa. Steel castings 300-302 


H. Kramer & Co., Chicago. Non 
ferrous alloy ingot 314 


R. Lavin & Sons, Inc., Chicago. Non 
ferrous alloy ingot 201 


Lindgren Foundry Co., Batavia, III. 
Gray iron castings S11 


Lynchburg Foundry Co., Lynchburg, 
Va. Gray and ductile iron castings 
400-402 
Magnaflux Corp., Chicago. Non-de 
structive testing apparatus 1113 


Midwest Pressure Casting Co., Inc., 
Chicago. Aluminum pattern equip 
ment and castings 315 











Michiana Products Co., 
City, Ind. Fabricated 
using castings 


Michigan 
components 
719-723 


Michigan-Standard Alloy Casting Co., 
Detroit. Steel castings 


719-723 
Mid-Continent Steel Casting Corp., 
Shreveport, La. Steel castings 
300-302 
Misco Precision Casting Co., White- 
hall, Mich. Steel castings |. 719-723 
Motor Castings Co., Milwaukee. Gray 
iron castings 1112 


Neenah Foundry Co., Neenah, Wis. 


American Smelting 
supplies alloy 
for cast chairs 


Shaw Process is 
used for cast dies. 


1201 
Neb. 
and 
309 
Pelton Steel Casting Co., Milwaukee. 
Steel castings 1213 
Quality Aluminum Casting Co., Wau- 
kesha, Wis. Aluminum castings . 1100 
Rausch Mfg. Co., Inc., St. Paul, Minn. 
Aluminum, brass and_ bronze 
ings 


Gray and ductile iron castings 

Paxton-Mitchell Co., Omaha, 
Gray iron, aluminum, brass 
bronze castings 


cast- 
1202 
Roessing Bronze Co., Pittsburgh, Pa. 
Non-ferrous alloy ingot 1130 
Rolle Mfg. Co., Inc., Lansdale, Pa. 
Aluminum and magnesium castings 

814 
Scientic Cast Products Corp., Cleve 
land. Aluminum castings 1119 
Shaw Process Development Corp., 
Port Washington, N. Y. Ceramic mold 
process 1200 
Sipi Metals Corp., Chicago. Non-fer 
rous alloy ingot and shot 603 
Sivyer Steel Casting Co., Milwaukee. 
Steel castings 732 
Southern Precision Pattern Works, 
Inc., Birmingham, Ala. Pattern equip- 
ment 1127 
Stahl Specialty Co., Kingsville, Mo. 
Aluminum castings 720 
Superior Foundry, Cleveland. 
Gray iron castings 423 


Swedish Crucible Steel Co., Detroit. 


Inc., 
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American Steel makes gears 


Steel castings 703 


Chicago 
1209 


Universal Castings Corp., 
Brass and bronze castings 
Universal Foundry Co., Oshkosh, Wis 
Gray iron, 
bronze castings 


and 
712 
Vanadium Corp. of America, New 
York. Ferro alloys, metals, chemicals 

313 
WaiMet Alloys Co., Detroit. Alloys 
ingot 719-723 
Waukesha Foundry Co., Waukesha 
Wis. Stainless steel, aluminum, nick 
1108 
Western Foundry Co., Holland, Mich 
Gray castings 719-723 


brass 


aluminum, 


shot, 


el alloy castings 


iron 
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HOYT LECTURER 


HARRY M. St. JOHN 


The experience of a long and outstanding career in 
non-ferrous metallurgy and foundry practice stands 
behind Harry M. St. John, the 1959 Charles Edgar 
Hoyt Memorial Lecturer. Mr. St. John, who will 
deliver a lecture on “The Control of Quality in the 
Brass Foundry,” was awarded the Wm. H. McFadden 
Gold Medal by AFS in 1947 for “. . outstanding work 
in the field of non-ferrous casting research over a 
period of many years.” Mr. St. John is currently ac- 
tive as a foundry consultant. 


ANNUAL BANQUET SPEAKER 
WARREN WHITNEY 


A well-rounded business background combined with 
a sense of humor have made Warren Whitney, vice- 
president, James B. Clow & Sons, Inc., a successful 
executive and a popular speaker. He has earned the 
reputation of an entertaining speaker with a message. 

Mr. Whitney worked as an industrial engineer, sales 
engineer and in public relations in the electric utili- 
ties field before entering the metalcastings industry. 
He started his career with Clow in 1937 and became 
vice-president in 1946. 


Hosts to the 63d CASTINGS CONGRESS 


GENERAL CONVENTION 
COMMITTEE 


CHAIRMAN C. V. Nass 


Beardsley & Piper Div., 
Pettibone Milliken Corp. 


CHAPTER CHAIRMAN LD. G. SCHMIDT 
H. Kramer & Co. 


@ AFS Chapter No. 1, the Chicago Chapter, will be 
the host chapter of the 63d Castings Congress. The 
oldest, and currently largest chapter of AFS, has 


formed a general convention committee and six other 


committees to assist in convention activities. 


Members of the General Convention Committee 


are: Chairman C. V. Nass, Beardsley & Piper Div., 
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Pettibone Mulliken Corp.; D. G. Schmidt, H. Kramer 
& Co.; W. O. McFatridge, International Harvester 
Co.; R. P. Schauss, Werner G. Smith, Inc.; and J. T. 
Moore, Wells Mfg. Co. Mr. Schmidt is the current 
chairman of the chapter, all other members of the 
general committee are past chairmen of the chapter. 

A list of the other convention committees follows. 





RECEPTION seta 


®C. R. Lindgren, Lindgren Foundry Co.; R. C. Mfg. Co.; S. C. Prest, Griffin Wheel Co.; L. B. 
Landstrom, Miller & Co.; M. K. Wells, Well Knight, Lester B. Knight & Assoc., Inc 


PLANT VISITATION satel 


® H. A. Young, co-chairman, Crane Co.; J. National Malleable & Steel Castings Co.; W. S. 
Semens, U. S. Steel Corp.; W. R. Jaeschke Duncan, Pickands Mather & Co.; R. J. Swain, 
Whiting Corp.; E. E. Ballard, Lester B. Knight Woodruff & Edwards, Inc.; R. F. Dalton; J. 
& Assoc., Inc; D. E. Meves, American Stee! Geraghty, Chicago Hardware Foundry Co.; W. 
Foundries; L. G. Gustafson, Blaw Knox Co.; F. Tragarz, International Harvester Co.; P. E. 
K. J. Jacobson, Griffin Wheel Co.; L. F. Bartosz, Dempsey, Kensington Steel Co 


CHAIRMAN JouN A. RASSENFOSS 
American Steel Foundries 
@eeeeeeeoeoee eee e eee eeeee eee eee e eee cee e ee eeecee eee ee ee eeee eee eee 


® L. H. Rudesill, co-chairman, Griffin Wheel ucts Co.; E. E. Schwantes, International Har 
Co.; A. E. Gatto, Blaw Knox Co.; Z. Madacey, vester Co.; A. Hease, R. Lavin & Sons, Inc 

Beardsley & Piper Div.; C. A. Faist, Burnsid E. W. Smith, E. W. Smith Foundry Materials 
Steel Foundry Co.: M. Horwitz, Chicago Mal H. P. Stephenson, Foundry Services, Inc.; J. W 
leahle Castings Co.: N. Todoroff, Crane Co.: C. Lauder, Aurora Metal Co.; P. R. Gouwens, 


. ee : Armour Research Foundation; R. M. Frazier, 
a. Sevensen, National Malleable x Steel Cast Hickman, Williams & Co.; R. W. Schroeder, 
ings Co.; T. E. Barlow, Eastern Clay Prod- 


: University of Llinois; John MacDonald, Petti 
ucts Dept.; A. C. DenBreejen, Nicol-Straight bone Mulliken Corp.; H. C. Haines, Woodrufl 


Foundry Co.; D. R. Jones, Illinois Clay Prod & Edwards, Inc 


8H. W. Johnson, co-chairman, Wells Mfg. Co.; ing Div.; R. W. Mellvaine, National Engine 
R. C. Johnston, co-chairman, Hickman, Wil ing Co.; A. A. Milkie, Pangborn Corp.; G. G 
liams & Co.; W. L. Adams, Eastern Clay Morrical, Magnet Cove Barium Corp.; Gordon 
Products Dept.; George DiSylvestro, American Paul, Hansell-Elcock Co.; W. L. Rudin, [les 
Colloid Co.; J. M. Durrant, U. S. Steel Corp Smelting Corp.; R. E. Seifert, National Mallea 
F. W. Foss, Apex Smelting Co.; W. M. Hofert, ble & Steel Castings Co.; C. F. Semrau. Hil! 
International Harvester Co.; L. J. Jacobs, S & Griffith Co.; R. W. Smith, Dike-O-Seal, In 
Obermayer Co.; Harold Krueger, National Bea Gilbert Van Schaik, Whiting Corp 


‘ 
p BLICITY CHAIRMAN W. W. McMuut.as 
International Harvester ( 
eeeeeeeoeoe eee eee eee eee eee ee ee eee e ee ee ee eee eee eee eee eee eee eeeeee 


® H. L. Overman, co-chairman, Whiting Corp Piper Div.; Dean Van Order, Burnside Ste 
Earl Ross, Foundry; I. H. Dennan, Beardsley & Foundry Co 


y LADIES ENTERTAINMENT 


®@ Mrs. J. C. Mulholland, co-chairman; Mrs. J. Jacobs; Mrs. W. W. Moore; Mrs. W. O. Mc 


T. Moore, co-chairman; Mrs. R. W. Schroeder: Fatridge. Pictures of committe ers appear 


Mrs. J. H. Owen; Mrs. R. M. Frazier; Mrs. L. J. in the Ladies Program, page 53 
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PRESIDENT 
LEWIS H. DURDIN 


Dixie Bronze Co. 


Birmingham, Ala. 


VICE-PRESIDENT 
CHARLES E. NELSON 


Dow Chemical Co. 
Midland, Mich. 


H. G. STENBERG 
Vice-President 
Region | 


C. E. DRURY 
Vice-President 
Region 4 


J. R. RUSSO 
Vice-President 
Region 7 


R. W. GRISWOLD 
Vice-President 
Region 2 


F. J. PFARR 
Vice-President 
Region 3 


A. M. SLICHTER 
Vice-President 
Region 5 


K. L. LANDGREBE, JR. 
Vice-President 
Region 6 





D. W. BOYD T. W. CURRY 


R. R. DEAS, JR. 


H. W. DIETERT 


A. A. HOCHREIN 


ees | W. D. McMILLAN 
a aa! . 4 


H. M. PATTON G. R. RUSK 


C. A. SANDERS 
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GOLD MEDAL AWARDS 


Harold W. Lownie, Jr. 

Mr. Lownie, Battelle Memorial 
Institute, Columbus, Ohio, is 
winner of the John H. Whiting 
Gold Medal for contributions 
“in the field of gray iron.” 


John A. Rassenfoss 


Mr. Rassenfoss, American Steel 
Foundries, East Chicago, Ind., 
is winner of the Peter L. Simp- 
son Gold Medal for “endeavor 
in steel foundry research.” 


, Fred J, Walls 
Mr. Walls, retired from Inter- 


national Nickel: Co., Detroit, is 
winner of the John A. Penton 
Gold Medal for “contributions 
to gray iron metallurgy . .” 


SSSSSSSSSSSSSSSSSSSHSSSSSSSSESSSSHESSSSSSSHESSSSSSSSSSESESSSESSEEHEHESEEEEEEEEESESESEEEEEEEEEEEEEEEEEEOSEEEEEESEE 


AWARDS OF SCIENTIFIC MERIT 


Robert H. Mooney ‘ 
Mr. Mooney, Central Foundr 
Div., ‘General Motors . Corp., 
is tecognized for “technologi- 
cal contributions . . . in the 
malleable iron industry.” 


Howard H. Wilder 


Mr. Wilder, Vanadium Corp. 
of America, Chicago, is recog- 
nized for “furthering the tech- 
nology of ferrous castings and 
their acceptance.” 


Elmer C. Zirzow 

Mr. Zirzow, Werner G. Smith, 
Inc., Cleveland, is recognized 
for ‘his effort “in the develop- 
ment and application of sand 
technology.” 


q 


SSSSSSSSSSSSSSSSSSSSSSSSSESSESESSSESSESSSSSSSSSSESSSESSSSSESSSSHSSESESSHEEEEHEEEEEEEHEEEEESEHEHEEEEEHHEEEEEEE 


SERVICE CITATION 


ss 


James R. Allan 

Mr. Allan, Allan © Industries, 
Melbourne, Fla., is cited for 
service and leadership in “the 
improvement of foundry work- 
ing conditions.” 


Bernard D. Claffey 


Mr. Claffey, Dayton Malleable 
Iron Co., Dayton, Ohio, is cited 
for service in “the work of 
Chapters, Committees and ed- 
ucationa] development.” 


Roy W. Schroeder 

Professor Schroeder, University 
of Illinois, is cited for service to 
AFS and for “his unceasing 
guidance of. young men toward 
foundry careers.” 
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FICIAL PROGRAM 


63d CASTINGS CONGRESS 
AND ENGINEERED CASTINGS SHOW 


REGISTRATION 


Registration for both the Castings Congress and the Engineered 
Castings Show will be arranged at a booth on the Mezzanine 
of the Sherman Hotel. The registration for AFS members or 
non-members is $2.00. 


Admittance to exhibits and technical sessions is by badge only. 


® 8:00 am Author—Chairman 


breakfast 


Orchid Room, Sherman Hotel 


* 8:00 am Registration opens 


® 8:00 am Plant Visits 


Approximately 20 leading foundries in the 
Chicago area will be open for inspection 
tours during the convention. Details on which 
plants are open for tours may be obtained 
daily from the Plant Visits desk 


9:00 am Ladies registration opens 


9:00 am Exhibits open 


® 9:30 am Light Metals 


Bernard Shaw Room, Sherman Hotel 


Effect of Starch Content on a Rammed 
Graphitic Mold Material for Casting Ti- 
tanium 

H. W. Antes, R. E. Edelman, Frankford Ar 
senal, Philadelphia 


Some Principles for Producing Sound Al-7 
Magnesium Castings 

W. H. Johnson, J. G. Kura, Battelle Memorial 
Institute, Columbus, Ohio 


9:30 am Malleable 

Louis XVI Room, Sherman Hotel 
Malleable lron—A Magnetic Alloy 
W. K. Bock, National Malleable & Steel Cast 
ings Co., Cleveland 


Chemical Analysis vs Heat Treatment Ef- 


fects on Tensile Strength of Malleable 
tron—Controlled Annealing Committee 
(6D) Report 

L. R. Jenkins, Wagner Castings Co., Decatur 
iW 


Casting Heavy Section Malleable tron- 
Research Progress Report R. W. Heine 
University of Wisconsin, Madison 


® 9:30 am Pattern 


The Assembly, Sherman Hotel 


Core Boxes for Shell Cores 
J. E. Stock, John Deere Waterloo Tractor 
Works, Waterloo, lowa 


Motion Picture: “Plastic Tooling & Pat- 
ternmaking with Epoxical Resins” 


12:00 noon Light Metals Round 


Table Luncheon 
Crystal Room, Sherman Hotel 


What Does the Test Bar Mean to the 
Producer and User of Castings? 

Panel: R. L. Heath, Rocketdyne Division, North 
American Aviation, Inc Canoga Park, Calif 
H. Rosenthal, Frankford Arsenal, Philadelphia 
Brooklyn, N.Y. M. E. Brooks, Dow Chemical 
Co., Bay City, Mich 


12:00 noon Malleable Round 


Table Luncheon 
Old Chicago Room, Sherman Hotel 


Selection of Materials for Ordnance De- 
velopment Programs 

V. Lindner, Feltman Research & Engineering 
Laboratories, Picatinny Arsenal, Dover, NJ 


Motion Picture: “Toward More Effectice 
Shell” 


MONDAY, APRIL 13 


W. H. Johnson 


W. K. Bock 
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H. Rosenthal 


D. G. Schmidt 


F. L. Riddell 


* 2:00 pm Brass and Bronze 


Louis XVI Room, Sherman Hotel 


Electrical Syeteetietty of Sand Cast Cop- 
er-Base Alloy 
G. Schmidt, A L. Riddell, H. Kramer & Co., 
Chicago. 


Some Foundry Problems in the Develop- 
ment of a w Marine Propeller Alloy 
A. J. Smith, Bethlehem Steel Co., Shipbuilding 
Div., Staten Island, N. Y. 


2:00 pm Pattern 
The Assembly, Sherman Hotel 


New Horizons in Pattern Engineering Ma- 
terials 
J. E. Olson, Dike-O-Seal, Inc., Chicago. 


Construction of and Materials for CO: 
Pattern & Core Box Equipment 

R. J. Carver, Carver Foundry Products Co., 
Muscatine, lowa. 


2:00 pm Sand 


Bernard Shaw Room, Sherman Hotel 


Experimental Determination of Specific 
Surface and Grain Shape of Foundry 
Sands 

Franz Hofmann, George Fischer, Ltd., Schaff- 
hausen, Switzerland—presented by V. Rowell, 
H. W. Dietert Co., Detroit. 


Critical Sodium Silicate-Sand Formula- 
tions for Optimum CO: Molding 

R. J. Cowles, Walworth Co., Braintree, Mass. 
New Foundry Resins and Application 
Techniques for Shell Molds and Shell 
Cores 

W. C. Capehart, 
Springfield, Mass. 


Monsanto Chemical Co., 


4:00 pm Brass and Bronze 


Seminar 
Louis XVI Room, Sherman Hotel 


“The Metallurgical and Foundry Aspects 


TUESDAY, APRIL 14 


R. A. Flinn 


F. S. Sutherland 
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modern 


= 8:00 am Author—Chairman 


Breakfast 
Orchid Room, Sherman Hotel 


8:30 am Registration opens 


8:30 am Plant Visits 


Spprostuannty 20 leading foundries in the 
icago area will be open for inspection 
tours during the convention. Details on which 
plants are open for tours may be obtained 
daily from the Plant Visits desk. 


9:00 am Ladies registration opens 
9:30 am Exhibits open 


9:30 am AFS Training and 
Research Institute 


trustees meeting 
Holiday Room, Sherman Hotel 


9:30 am Brass and Bronze 
Lovis XVI Room, Sherman Hotel 


Effects of Foundry Variables upon Poro- 


castings 


of Quality Control:” 

Non-Destructive Testing: S. Goldspiel, New 
York Naval Shipyard, Brooklyn, N. Y. 
Mechanical wm of Testing: A. J. Smith 
Bethlehem Steel Co., Shipbuilding Division, 
Staten Island, N. Y. 

Fracture Testing in a Production Found- 
ry: C. W. Ward, American Radiator & Stand- 
ard Sanitary Corp., Cincinnati 


4:00 pm Light Metals 


Crystal Room, Sherman Hotel 


Correlation of Radiography, Microstruc- 
ture and Mechanical Properties of Mag- 
nesium—Thorium—Zirconium Alloy HK31A 
T. R. Bergstrom, R. G. Bassett, Boeing Air- 
plane Co., Seattle. 


Magnesium Casting Alloy EK31XA 
K. 4 Nelson, The Dow Chemical Co., Midland, 
Mic’ 


4:00 pm Malleable Shop Course 
Old Chicago Room, Sherman Hotel 


Machining of Standard and Pearlitic Mal- 
leable tron.” 

The Technical Aspects of Raatentiiy 
Testing: 1. C. Marshall, Link Belt Researc 
Laboratory, Indianapolis 

Available Machinability Data: W. C. Truck- 
enmiller, Albion Malleable Iron Co., Albion, 
Mich. 

Solving Machining Problems: George Kra- 
mer, Central Foundry Division, G.M.C., Sag- 
inaw, Mich. 


5:30 pm Exhibits close 


8:00 pm Sand Shop Course 
Bernard Shaw Room, Sherman Hotel 
Air-set -s coz Binders 
COz: C. ° g, Mi lis Electric 
Ilenda, Di- 





Steel b Dt Corn Fe Fe 
amond Alkali Co., Painesville, Ohio 
Air-set: R. M. Overstrud, Reichhold Chem- 
icals, Inc., Eastern Resin Div., Elizabeth, N.J. 


sity of 85-5-5-5 Bronze—Research Prog- 
ress Report 

R. A. Flinn and C. R. Mielke, 
Michigan, Ann Arbor 


University of 


Research in Progress in Industry: 


Getting Castings Back into the Foundry: 
shley, American Radiator and Stand- 

ard Sanitary Corp., Cincinnati. 

Research and Development on Design of 

Bronze Sleeve Bearings: G. E. Langford, 

Superior Kendrick, Inc., Detroit. 

Properties and Composition of Cast Cop- 

per-Nickel Alloys: S. Goldspiel, New York 

Noval Shipyard, Brooklyn, N. Y. 

Research on 90-10 Cupro-Nickel Castings: 

E. F. Tibbetts, Wollaston Brass & Aluminum 

Foundry, Inc., North Quincy, Mass. 


9:30 am Malleable 


Bernard Shaw Room, Sherman Hotel 


Specialized Foundry Statistical Controls 
Improve Customer Satisfaction 

. M. Appleman, Texas Foundries, Lufkin, 
exas 


Proper Gating through Use of Cobalt 60 
A. J. Karam, Central Foundry Division, G.M.C. 
Saginaw, Mich. 


Proper interpretation and Techniques 
Using Magnaglo for Casting Inspection 


T. R. Bergstrom 


R. G. Bassett 


B. M. Appleman 


E. J. Gamber 





H. V. Sulinski 


“. 


Cc. A. Sanders 


A. R. Mead 


J. C. Graddy 


A. R. Lindgren, Magnaflux Corp., Chicago 


9:30 am Pattern 
The Assembly, Sherman Hotel 


Rigging Core Boxes for High Production 
Core Practice 

W. H. Miller, Ford Motor Co., Cleveland 
Foundry Div. Berea, Ohio 


Consulting Service on Pattern and Core 
Box Equipment Problems 

Panel: M. K. Young, U. S. Gypsum Co., Chi 
cago; R. L. Olson, Dike-O-Seal, Inc. Chicago; 
J. F. Roth, Cleveland Standard Pattern Works, 
Cleveland, R. LeMaster, R. A. Nelson Pattern 
Co., Milwaukee; W. E. Mason, Westinghouse 
Air Brake Co., Wilmerding, Pa. 


9:30 am Safety, Hygiene & Air 


Pollution 
Gold Room, Sherman Hotel 


Practical Plannin for Non-Destructive 
Testing by Use of Radiation 

F. S. Sutherland, Continental Foundry & Ma- 
chine Div., Blaw-Knox Co., East Chicago, Ind. 


Audiometric Testing Programs in Foundry 
Noise Control 

H. T. Walworth, Lumbermen’s Mutual Casualty 
Co., Chicago 


12:00 noon Brass and Bronze 
Round Table 


Luncheon 
Crystal Room, Sherman Hotel 


“Why Use Brass and Bronze Castings?” 


The Physical and Mechanical Properties 
of Cast Bronze Alloys: 

John Kura, Battelle Memorial Institute, Col 
umbus Institute, Columbus, Ohio. 

Where General Motors Corp. would like 
to use Copper Base Alloy Castings: 

J. Henry, General Motors Corp., Detroit. 
Cast Copper-Base Alloys for Corrosive 
Environments: C. L. Bulow, Bridgeport Brass 
Co., Bridgeport, Conn. 


12:00 noon Pattern Round Table 


Luncheon 
Old Chicago Room, Sherman Hotel 


Atomic Blast—A Pattern for Survival 
F. B. Porzel, Armour Research Foundation, 
Chicago. 


12:00 noon AFS Board of Directors 
Luncheon and 
Business Meeting 
Emerald Room, Sherman Hotel 


Presiding: AFS President L. H. Durdin 


2:00 pm Education 


Gold Room, Sherman Hotei 


New Skills Required for the Shell Process 
H. C. Grant, Ford Motor Co., Dearborn, Mich 


2:00 pm Industrial Engineering 
& Cost 


Louis XVI Room, Sherman Hotel 
The Industrial Engineer—A Potential 
Foundry Executive 
M. E. Mundel, Consultant, Milwaukee 


Practical Industrial Engineering for the 
Smaller Foundry 
F. E. Noggle, Westover Corp., Milwaukee. 


# 2:00 pm Light Metals 


Bernard Shaw Room, Sherman Hotel 


Hot Cracking Test for Light Metal Cast- 
ing Alloys 

E. J. Gamber, Aluminum Co. of America, 
Cleveland 


Sample for Rapid Measurement of Gas 
in Aluminum 

H. V. Sulinski and S. Lipson, Frankford Ar- 
senal, Philadelphia 


Ultrasonic Attenuation in Cast Aluminum 
H. Smolen, H. Rosenthal, Frankford Arsenal, 
Philadelphia 


2:00 pm Malleable 


The Assembly, Sherman Hotel 


The Effect of Bonding Clays on Pin Holes 
in Malleable Castings 

R. Jones, Illinois Clay Products Co., Chi 
cago, and R. E. Grim, University of Illinois, 
Urbana 


Porosity—Inclusion—Pinholes in Malleable 
Castings 
C. A. Sanders, American Colloid Co., Skokie, 


4:00 pm Gray Iron Shop Course 


Lovis XVI Room, Sherman Hotel 


“How to Melt Several trons in One Heat” 
Panel: R. L. Johnson, Bucyrus-Erie Co., Erie, 
Pa.; M. D. Neptune, James B. Clow & Sons, 
Inc., National Works, Birmingham, Ala.; 

G. Presser, Buckeye Foundry Co., Cincinnati 


4:00 pm Malleable Shop Course 


Old Chicago Room, Sherman Hotel 


Symposium on Effect of Melting Vari- 
eles on the Properties of Malleable 
trons R. W. Heine, University of Wisconsin, 
Madison. Panel: W. D. McMillan, International 
Harvester Co., Chicago; Milton Tilley, National 
Malleable & Steel Castings Co., Cleveland; 
Eric Welander, John Deere Malleable Works, 
East Moline, III 


4:00 pm Light Metals 


Bernard Shaw Room, Sherman Hotel 


How Aircraft Designers Look at Light 
Metal Castings 

A. R. Mead, Grumman Aircraft Corp., Beth 
page, N.Y 


A Preliminary Appraisal of Bending Tech- 
niques for Evaluation of Cast Metals and 
structures 

J. C. Graddy, Douglas Aircraft Co., 
Monica, Calif 


Santa 


Design Engineering as Related to Mag- 
nesium Castings 

G. H. Found, Arthur D. Little, Inc., Cam 
bridge, Mass 


4:00 pm Sand 
The Assembly, Sherman Hotel 
How to Avoid Sand Segregation 


W. D. Chadwick, Manley Sand Co., 
Hh. 


Rockton, 


Motion Picture: “Segregation of Sand 
During Handling” 


4:00 pm Steel 


Crystal Room, Sherman Hotel 


Interrelation Between Stress Concentra- 
tion and Castability 
J. B. Caine, Consultant, Cincinnati 


Aid for the Design Engineer—Accentuate 
the Positive 

J. J. Henry, Missouri Steel Co., Joplin, Mo 

A Method of Obtaining Both Castability 
and Maximum Field Service from Cast 
Products 

J. W. Beckman, Texas Foundries, Inc., 
Texas 


Lufkin, 


5:30 pm Exhibits close 


6:30 pm Sand Dinner 


Grand Ballroom, Morrison Hotel 


Let's Start Over 
J. B. Caine, consultant, Cincinnati 


7:00 pm Canadian Dinner 


Reception, Embassy & Burgundy Rooms, 
Morrison Hotel 

Dinner, Cotillion Room 

Presiding: J. H. King, AFS National Di- 
rector, Toronto 


H. Y. Hunsicker 


lok 


mae 


é 


J. J. Henry 


D. E. Krause 


H. U. McClelland 
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N. C. Howells 


E. A. Lange 


E. V. Blackmun 
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WEDNESDAY, APRIL 15 


® 8:00 am Author—Chairman 


breakfast 
Orchid Room, Sherman Hotel 


* 8:30 am Registration opens 


® 8:30 am Plant Visits 


Approximately 20 lecding foundries in the 
Chicago area will be open for inspection 
tours during the convention. Details on which 
plants are open for tours may be obtained 
daily from the Plant Visits desk. 


* 9:00 am Ladies registration opens 


® 9:30 am AFS Annual Business 


Meeting 
Bal Tabarin, Sherman Hotel 


Presiding—AFS President Lewis H. Durdin. 
President's Annual Address 

Election of Officers and Directors 
Apprentice Contest Awards 

Presentation of AFS Awards of Scientific 
Merit 

Presentation of AFS Serv:ce Citations 


10:30 am Charles Edgar Hoyt 
Memorial Lecture 


The Control of Quality in the Brass 
Foundry. 

Harry M. St. John, retired superintendent, 
Crane Co., Chicago 


11:30 am Exhibits open 


12:00 noon Management 


luncheon 
Old Chicago Room, Sherman Hotel 


“So You Want to be a President” 


Developing Technical Personnel: J. H. 
Culling, Carondelet Foundry Co., St. Louis. 
Developing Operating Supervisory Per- 
sonnel :L. J. Woehlke, Grede Foundries, Inc., 
M:iwaukee 

Developing Sales Personnel: H. A. Fors- 
berg, Blaw-Knox Co., East Chicago, Ind. 
Develop:ng Administrative Management: 
F. J. Dost, Sterling Foundry Co., Wellington, 
Ohio 

Moderator—R. B. Parker, American Brake 
Shoe Co., New York 


12:00 noon Die Casting and 
Permanent Mold 
Luncheon 
Bernard Shaw Room, Sherman Hotel 


Vacuum Die Casting 
G. R. Morton, Morton Mfg. Co., Omaha, Neb 


* 2:00 pm Gray Iron 


The Assembly, Sherman Hotei 


Continuous Carbon Injection 
J. E. Wilson, R. C. Sehnay, Canada tron 
Foundries, Ltd., Montreal, Que 


Quantitative Measurement of the Effects 
of Pearlitic and Graphite on the Machin- 
ability of Cast tron 

W. W. Moore, J. O. Lord, Battelle Memorial 


* modern castings 


Institute, Columbus, Ohio 


Significance of Reported Chemical Analy- 
sis of Cast tron 

D. E. Krause, Gray Iron Research Institute, 
Columbus, Ohio 


2:00 pm Die Casting and 


Permanent Mold 
Louis XVI Room, Sherman Hotel 


Some Practical Asepcts of Die Casting 
Aluminum 

H. Found, Arthur D. Little, Inc., Cam- 
bridge, Mass., and John Lapin, Central Found- 
ry Division, G.M.C., Saginaw, Mich. 


Thermal Aspects of Cyclic Permanent 
Mold Operation 

C. L. Goodwin, H. Y. Hunsicker, Aluminum 
Co. of America, Cleveland 


Permanent Molding of Gray tron 
H. U. McClelland, Eaton Mfg. Co., Vassar, 
Mich. 


2:00 pm Steel 


Crystal Room, Sherman Hotel 


Properties of Some Cast & Wrought Alloy 
Steels for Use at Elevated Temperatures 
R. K. Buhr, W. A. Morgan, Dept. of Mines & 
Technical Surveys, Ottawa, Ont. 


The Significance of Reduced Phosphorus 
& Sulphur Content 

J. Zotos, Watertown Arsenal Rodman Labor 
atory, Watertown, Mass. 


Foundry Characteristics of Mn-Va-Mo 
Age Hardening Stee 

N. C. Howells and E. A. Lange, U. S. Naval 
Research Laboratory, Washington, 


4:00 pm Die Casting and 


Permanent Mold 
Lovis XVI Room, Sherman Hotel 


Evaluation of Cast Surfaces for Rough- 
ness Standards 

Eldon Swing, Boeing Airplane Co., Wichita, 
Kan. 


A Hypereuvtectic Aluminum-Silicon Alloy 
R. Kissling, O. Tichy, Apex Smelting Co., 
Cleveland 


X364 Aluminum Die Casting Alloy 
J. H. Moorman and E. V. Blackmun, Alumi 
num Co. of America, Pittsburgh, Pa. 


4:00 pm Gray Iron Shop Course 


Bernard Shaw Room, Sherman Hotel 


Correction of Cupola Irregularities” 
Panel—W. W. Levi, Lynchburg Foundry Co., 
Radford, Va.; M. H. Horton, Deere & Co., 
Moline, Ill; D. E. Krause, Gray tron Re 
search Institute, Columbus, Ohio. 


4:00 pm Industrial Engineering 
and Cost 


Crystal Room, Sherman Hotel 


Profit Management through Cost Control 
Robert Hill, Dominion Bridge Co., Montreal, 
Quebec, Can 


Timestudy and Methods Training for 
Supervisors 

John Taylor, Norris & Elliott, Inc., Columbus, 
Ohio 


4:00 pm Sand 


The Assembly, Sherman Hotel 


R. W. Heine 


J. S. Schumacher 


A. H. Rauch 


E. M. McCullough 





G. W. Form 


#4 


J. F. Wallace 


T. O. Kuivinen 


S. J. Noessen 


Green Tensile and Shear Strength of 
Molding Sands 

R. W. Heine, University of Wisconsin, Madi- 
son, and E. H. King, J. S. Schumacher, Hill 
& Griffith Co., Cincinnati 


Core Stickiness Committee (8-K) Report 

J. R. Young, Cadillac Motor Car Division, 

G.M.C., Detroit 

Shell Mold & Core Committee (8-N) Re- 
rt 


po 
R. J. Cowles, Walworth Co., Braintree, Mass 


THURSDAY, APRIL 16 


® 8:00 am Author—Chairman 


breakfast 
Orchid Room, Sherman Hotel 


* 8:30 am Registration opens 


® 8:30 am Plant Visits 


Approximately 20 leading foundries in the 
Chicago area will be open for inspection 
tours during the convention. Details on which 
plants are open for tours may be obtained 
daily from the Plant Visits desk. 


* 9:00 am Ladies registration opens 
= 9:00 am Exhibits open 


# 9:30 am Ductile Iron 
The Assembly, Sherman Hotel 


The Tensile Properties of As Cast and 
Annealed Ductile tron 
A. H. Rauch, J. B. Peck, E. M. McCullough, 
Deere & Co., Moline, III. 


Ductile tron Castings vs Carbon Steel 
Forgings and Weldments 

: .. Salbaing, International Nickel Co., New 
Yor! 


9:30 am Fundamental Papers 
Bernard Shaw Room, Sherman Hotel 


Considerations of the Mechanisms of 
Solidificaton of Gray tron 

Albert deSy, University of Ghent, Ghent, Bel 
gium 


Grain Refinement of Solidifying Metals 
R. G. Garlick, J. F. Wallace, Case Institute 
of Technology, Cleveland 


A Rationalization of Effect of Mass on the 
Tensile Properties of Castings 
P. J. Ahearn, Watertown Arsenal, Watertown, 
Mass., and G. W. Form, J. F. Wallace, Case 
Institute of Technology, Cleveland 


® 9:30 am Steel 


Lovis XVI Room, Sherman Hotel 


Designing for Press-Forged Castings 
P. R. Gouwens, Armour Research Foundation, 
Chicago 


® 5:30 pm Exhibits close 


® 7:00 pm AFS Annual Banquet 


Terrace Casino, Morrison Hotel 


Presiding—AFS President Lewis H. Durdin. 
Presentation of AFS Gold Medal Awards 
Guest Speaker—Warren Whitney, James 8 
Clow & Sons, National Works, Birmingham 


Pry 


P. J. Ahearn 


Reclamation and Dimensional Accuracy 
of Sodium Silicate Bonded Sand 

G. C. Warneke, National Malleable & Steel 
Castings Co., Melrose Park, III. 


12:00 noon AFS Past Presidents’ 


Luncheon 
Orchid Room, Sherman Hotel 


Presiding: Frank W. Shipley, Caterpillar Trac 
tor Co., Peoria, Ill 


12:00 noon Ductile and Gray H. W. Dietert 


Iron Round Table _ 
Luncheon 
What Does the Casting Designer and 
Buyer Expect of the Foundryman 
T. O. Kuivinen, The Cooper-Bessemer Corp., con An 
Mt. Vernon, Ohio 
; -— 
4 —_—?- 


12:00 noon Steel Round Table 
Luncheon 
Old Chicago Room, Sherman Hotei 


Vacuum Arc Melting 
S. J. Noessen, General Electric Co., 
tady, N. Y 


Vv. M. Rowell 


", * 


Production of Ductile Iron in the Basic o 
Direct Arc Furnace —_ 
C. R. Islieb, International Nickel Co., New 

York 


Schenec 


® 2:00 pm Ductile tron 


The Assembly, Sherman Hotei 


® 2:00 pm Fundamental Papers 
Louis XVI Room, Sherman Hotel A. L. Graham 

Application of Theory in Understanding 

Fluidity of Metals 

J. E. Niesse, M. C. Flemings, and H. F 

Taylor, Massachvetts Institute of Technology, 

Cambridge, Mass. 


A Fluidity Test for Aluminum Alloys; 
Tripling Fluidity with a New Mold Coat- 
ing 

M. C. Flemings, H. F. Conrad and H. F 
Taylor, Massachusetts Institute of Technology 
Cambridge, Mass 


Linear Programming Applied to a Found- 
ry Cast Problem 
G. |. Gartner, Watertown Arsenal, Water 


town, Mass. P. W. Goad 
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H. W. Lownie, Jr. 


M. Pobereskin 


W. D. McMillan 


Dimensioning of Sand Casting Risers 
H. D. Merchant, Case Institute of Technology, 
Cleveland. 


® 2:00 pm Heat Transfer 


Gold Room, Sherman Hotel 


Design of Castings 

Panel—D. J. Albanese, National Malleable & 
Steel Castings Co., Cleveland; A. Bain, Can- 
ada tron Foundries, Ltd., Trois Kivieres, Que., 
Can.; J. L. Flitz, Central Foundry Div., G.M.C., 
Saginaw, Mich.; E. S. Frens, General Electric 
Co., Schenectady, N. Y.; D. Veneklasen, 
Niforge Corp., Boston; J. F. Wallace, Case 
Institute of Technology, Cleveland 


® 2:00 pm Sand 


Bernard Shaw Room, Sherman Hotel 


Tempering of Molding Sand 
H. W. Dietert, V. Rowell, A. L. Graham, 
Harry W. Dietert Co., Detroit 


The Crust Separation Test for the Inves- 
tigation of Sand Expansion Defects 

P. W. Goad, The Institute of British Foundry- 
men, Australian Branch, Melbourne, Australia 
presented by L. E. Taylor, Ottawa Silica Co., 
Ottawa, Ill. 


4:00 pm Gray Iron 


The Assembly, Sherman Hotel 


Foundries Can Produce Their Own Cast 
fron Directly 

H. W. Lownie, Jr., A. J. Stone, Battelle Mem- 
orial Institute, Columbus, Ohio. 


Utilization of Radiosotopes in the Found- 
ry Industry 

M. Pobereskin, D. N. Sunderman, Battelle 
Memorial Institute, Columbus. Ohio 


Report of Joint AWS—AFS Committee on 
Welding tron Castings 


FRIDAY, APRIL 17 


K. E. L. Nicholas 


A. G. Fuller 


8:00 am Author—Chairman 


breakfast 
Orchid Room, Sherman Hotel 


8:30 am Registration opens 


8:30 am Plant Visits 


Approximately 20 leading foundries in the 
Chicago area will be open for inspection 
tours during the convention. Details on which 
plants are open for tours may be obtained 
daily from the Plant Visits desk. 


9:00 am Exhibits open 


9:30 am Ductile Iron 
Lovis XVI Room, Sherman Hotei 


Heat Treatment of Ductile tron 
W. D. McMillan, International Harvester Co., 
Chicago 


Carbon Flotation in Ductile tron 
A. H. Rauch, J. B. Peck and G. F. Thomas, 
Deere & Co., Moline, III. 


The Effect of Tin on the Structure of 
Flake and Ductile trons 

E. C. Ellwodd, Tin Research Institute, London, 
England—presented by J. A. Davis, Battelle 
Memorial Institute, Columbus, Ohio 


52 ° modern castings 


Gray Iron: S. Low, Chapman Valve Mfg. Co. 
Indian Orchard, Mass. 

Ductile tron: W. W. Edens, Allis-Chalmers 
Mgf. Co., Milwaukee. 

Malleable tron: S. T. Walter, Air Reduction 
Sales Co., New York 


® 4:00 pm Steel 


Lovis XVI Room, Sherman Hotel 


Requirements for Quality Steel Castings 
Y. J. Elizondo, Chance-Vought Aircraft Co., 
Huntington Park, Calif. 


Design & Welding of Castings for Steam 
Turbine Applications 

L. W. Songer, General Electric Co., Schenec- 
tady, N. Y. 


Foundry Designing for Steel Castings 
A. B. Steck, Metallurgical Associates, Inc., 
Melrose, Mass. 


Rapid Hydrogen Determination for Steel 
Foundry Control 

Cc. C. Carson and B. J. Alperin, General Elec- 
tric Co., Schenectady, N. Y. 


® 5:30 pm Exhibits close 


® 6:00 pm AFS Alumni Dinner 


Ballroom Morrison Hotel 


Presiding: Harry W. Dietert, Past President 
AFS, Kerrville, Texas. 

Basic Cupola Method of Melting 

J. T. Williams, Grede Foundries, Inc., Reeds- 
burg, Wis. 


Acid Cupola Method of Melting 
H. E. Henderson, Lynchburg Foundries, Lynch- 
burg, Va. 


Acid Electric Furnace Method of Melting 
Lovis Miller, Westinghouse Air Brake Co., 
Wilmerding, Pa. 


® 9:30 am Fundamental Papers 


Crystal Room, Sherman Hotel 


Development of Low Alloy Steel Compo- 
sitions for High Strength Steel Castings 
H. R. Larson, F. B. Herlihy, American Brake 
Shoe Co., Mahwah, N. J. 


A Study of Soundness & Mechanical Prop- 
erties in Plates of High Steel Strength 
Cast Steels 

H. R. Larson, H. W. Lloyd, F. B. Herlihy, 
American Brake Shoe Co. 


High Strength Steel Castings 
K. D. Holmes, J. Zotos, P. J. Ahearn, Water- 
town Arsenal, Watertown, Mass. 


Structural Variables Influencing Mechan- 
ical Properties of High Strength Cast 
Steels; A Progress Report 

M. C. Flemings, R. Green and H. F. Taylor, 
Massachusetts Institute of Technology, Cam- 
bridge, Mass. 


9:30 am Gray Iron 


Bernard Shaw Room, Sherman Hotel 


Factors influencing the Soundness of 
Gray Iron Castings 

1. C. H. Hughes, K. E. L. Nicholas, A. G. 
Fuller and T. J. Szaida, Cast Iron Research 
Association, Molybdenum Co., Detroit. 


The Effect of Mold Materials on the Cool- 


D. N. Sunderman 


L. w. Songer 


I. C. H. Hughes 


T. J. Szaida 





ing Rate and Physical Pr rties of Cast 
Metals, Report of Sub-Committee 1.5. 
46, The Institute of British Foundrymen, 
— by John Hird, Chairman, Birming- 
am, England, assisted by R. W. Ruddle, 
Foundry Services, Inc., Columbus, Ohio 


The Main Features Concerning Copper in 
Cast Iron 

Albert deSy, University of Ghent, Ghent, Bel- 
gium 


= 9:30 am Heat Transfer 


A. Solomon 


H.-L 


Old Chicago Room, Sherman Hotel 


Modern Quenching Oils and Techniques 
for Foundry Heat Treatment 

N. F. Squire, Aldridge Industrial Oils, Inc., 
Cleveland 


Solidification Times of Simpie Shaped 
Castings in Sand Molds 

J. T. Berry, Armour Research Foundation, Chi- 
cago; G. Martin, Honolulu Oil Corp., Los 
Angeles; V. Kondic, University of Birmingham, 
England 


= 9:30 am Sand 


. Mcintire 


The Assembly, Sherman Hotel 
Timing of Expansion Scab Formation 
J. E. Haller, James B. Clow & Sons, Coshoc- 
ton, Ohio 


Sand Movement and Compaction in Green 


LADIES PROGRAM 


(LADIES) 


= 3:00 pm Monday 


Mrs. J. C. Mutholiand 


Walnut Room, Bismarck Hotel 
Official AFS Tea 


10:00 am Tuesda 

Marshall Field's Old Orchard 
Shopping Tour 
Buses will leave for Old Orchard from the 
Bismarck Hotel at 10 am 


Sand Moldin: 

T. J. Bosworth, R. W. Heine, University of 
Wisconsin, Madison; J. J. Parker, SPO, Inc., 
Cleveland; and E. H. King, J. S. Schumacher, 
Hill and Griffith Co., Cincinnati 


* 2:00 pm Gray Iron 


Lovis XVI Room, Sherman Hotel 


— . 
— ) 
Martensitic White Irons for Abrasion Re- 
sistant Castings 
T. E. Norman, Denver; D. D. V. Doane, A x 
Solomon, Climax Molybdenum Co., Detroit ‘ i : 4 
« ] 
Effect of Molybdenum on Elevated Temp- 
erature Properties of Gray tron 
G. K. Turnbull, J. F. Wallace, Case Institute 
of Technology, Cleveland 


T. J. Bosworth 


Ductility and Strength of High-Carbon 
Gray trons 

E. M. Stein, H. L. Mcintire, Battelle Memorial 
Institute, Columbus, Ohio. 


* 3:30 pm Exhibits close 


® 4:00 pm 63d AFS Castings 
Congress and 
Engineered Castings 
Show Officially Close 


J. E. Haller 


® 12:30 am Tuesday 
Arcade Room, Old Orchard 
Luncheon and Style Show 


= 10:00 am Wednesday 
Merchandise Mart 
Conducted Tours of Merchandise Mart 


® 3:00 pm Thursday 


Boulevard Room, Sheraton Hotel 
Tea and Musicale 


Mrs. J. T. Moore 


MEETINGS of RELATED SOCIETIES 


National Castings Council 
Meeting and luncheon, Union League Club, Thursday, April 16. 


G. E. Seavoy presiding. 


Magne 
Meet 


sium Association 


ing of Magnesium Association Casting Division and Fabricat- 


ing Division at Congress Hotel, Thursday and Friday, April 16 
and 1 


Non-Ferrous Founders’ Society, Inc. 
Executive Committee, Sherman Hotel, Friday, April 11 
Board of Directors, Sherman Hotel, Saturday, April 12 
Munagement Group Officers Breakfast, Sherman Hotel, Tuesday, 
April 14 
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WEA 


Rapid Chemical Analysis 


WAV 


WH 


-ecrrrrer 


= 


To facilitate and expedite chemical analysis 
of high nickel-chromium alloy cast irons— 
20 ae cent and 30 per cent nickel, 2.0 per cent 


and 5.0 per cent chromium—our laboratory 
uses the filtrate from the silica separation for 
the manganese determination, thus saving time 
and expense of a seperate manganese analysis. 


This rapid routine method yields results 
accurate to the third place. 


iii PAPERS 


Viking Pump Co., Cedar Falls, lowa 


BK 


SILICON DETERMINATION: Transfer 1 gram of drillings to a 

250 ml beaker; add 30 ml of 1:3 nitric acid (specific gravity 

1.42) and 20 ml of 60 per cent perchloric acid. When initial @ The technical articles appearing in 

action subsides, place on hot plate and heat gently until in this preview section of MopEerN Cast- 

solution. Heat more vigorously and evaporate to white fumes tNGs are the official 1959 AFS Castings 

until the perchloric acid refluxes on the sides of the beaker Congress papers—the most authorite- 

for 10 minutes. Continue heating until the solution inthe tive technical information availahle nen 

beaker has a syrupy appearance and consistency. Remove from ; : 

heat and allow to cool approximately 120-130 F. Note care- the metalcasting industry. 

fully observe solution during refluxing and subsequent heating Nearly 100 technical papers sched- 
uled for presentation at the 63d Cast- 

ings Congress of the American Foun- 

@ To the cooled salts in the beaker add 100 ml of hot dis- drymen’s Society at Chicago, April 

tilled water, Replace on hot plate and bring to boil. Immed- 13-17, 1959, will first be officially pre- 

iately filter through a Whatman 41h filter paper into a 250 ml ’ 

Erlenmeyer flask, washing thoroughly with hot distilled water 

Wash precipitate 5 or 6 times with hot distilled water. 


so it does not overheat and dry up. 


printed here. 


* Readers planning to participate in 


@ Remove the Erlenmeyer flask containing the filtrate and : , : 
oral discussion of these papers during 


wash the precipitate in the filter paper with 1:10 hydrochloric : i 3 
acid. No hydrochloric acid should be permitted in the filtrate the 63d Castings Congress are ad- 


in the Erlenmeyer flask. Reserve the filtrate in the flask for vised to bring them to the technical 
the manganese determination, sessions for ready reference. 


@ After washing with dilute hydrochloride acid, again wash —— ; ‘ 
the precipitate with hot distilled water 4 or 5 times. Be Written discussion of these papers 


thorough since any residual acid will cause popping and _pos- is welcomed and will be included in 
sible loss of the silica upon ignition the publication of the 1959 AFS 
ities ie ; , - TRANSACTIONS. Discussions should be 

ranster hilter paper containing the ‘cipitate to a crucible : 5 . 

en submitted to the Technical Depart- 
and ignite at a minimum of 1800 F for 20 to 30 minutes. a ‘ 

ment, American Foundrymen’s Socie- 

ty, Golf and Wolf Roads, Des Plaines, 
Il. 


Cool in a desiccator and weigh. Calculate silicon as follows: 
Silicon weight obtained x 46.72. 


MANGANESE DETERMINATION: To the filtrate obtained from 
the silica seperation add 10 ml of a 25 per cent solution 
of ammonium persulfate and 30 ml of a solution consisting 
of 5 grams silver nitrate dissolved in 250 ml water, plus 
250 ml nitric acid, plus 250 ml phosphoric acid. 


@ Place the Erlenmeyer flask containing the solutions on the 
hot plate and bring to a boil for 10 seconds. Remove from 
heat and allow to cool to approximately 70-80 F. This cooling 
may be expedited with a cold water bath. Titrate with 
sodium arsenite to clear yellow end_ point. 


@ The titrating solution is made up as follows: Add 400 ml 
distilled water to 100 ml sodium arsenite stock solution (stock 
solution—5 grams sodium arsenite to 250 ml distilled water). 
Standardize against a government standard sample, diluting 
the solution until the conversion factor from milliliters of 
titrating solution to per cent manganese is equal to 0.1, 
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GRAY CAST IRON MACHINABILITY 


quantitative measurements of 
pearlite and graphite effects 


By W. W. Moore and J. O. Lord 


ABSTRACT 


Common types of unalloyed cupola-melted gray cast 
iron were studied to determine how changes in some of 
the major constituents of their microstructures affected 
machinability. The objective of the study was to make 
a contribution to the understanding of fundamental and 
basic factors affecting the machining ease of gray cast 


iron. 


INTRODUCTION 


Ihe conditions for the study were set up so as to 
minimize or eliminate effects from three major factors 
known to have important adverse effects on the ma 
chinability of gray iron. These factors are: 


1) The presence oi the as-cast surface. 
2) The presence of massive carbides. 
3) The presence of iron phosphide eutectic (steadite). 


The effects of these factors on machinability al 
ready have been studied in detail and are well known. 
Emphasis in this study was directed elsewhere—at the 
effects of other variables which have received less at 
tention in prior investigations. The factors considered 
in this study included: 


1) The relative volume of pearlite in the matrix. 
2) The relative volume of graphite in the iron. 
3) The relative size of the graphite flakes in the iron 


Standard A.S.T.M. bars 1.2 in. in diameter were cast 
in green sand at several commercial foundries from 
unalloyed gray irons meeting the specifications of 
\.S.T.M. Designation A-48, Classes 20 and 30. Some of 
the irons were inoculated and some were not. The 
matrix of the irons contained about 75 to 100 per cent 
pearlite, the balance being ferrite. Bars contained 
graphite flakes of A.S.T.M. Types A, B, D and E 
The bars were free of massive cementite, and most of 
them were free of all but the small amounts of stead 
ite typical of such irons. 

The influence of the as-cast surface was eliminated 
by machining the bars to | in. in diameter prior to 
subjecting them to a constant-pressure lathe test. Bars 
fitting the foregoing description are, of course, gen 
erally conceded to be easily machinable 


W. W. MOORE is Principal Met., Process Met. Div., Battelle 
Memorial Institute, Columbus, Ohio, and J. O. LORD is Prof. of 
Met., Dept. of Met. Engrg., The Ohio State University, Columbus 
Ohio. 


S.A.E, Classification 1113) free-cutting steel (AISI 
BI113), was used as a_ basis tor comparison, and 
was arbitrarily assigned a machinability index of LOO 
All gray irons in the study machined more easily than 
the reference steel. The irons had machinability 
dices of 139 to 232. The research was aimed at a de 
termination of the causes for the machinability 
iation shown by these common types of gray iron 

Phe common practice of using reference photomi 
crographs to classify microstructures was not followed 
in this investigation, Classifications based on retet 
ence photographs are only qualitative. ‘This study 
made use of lineal analysis, a quantitative method of 
classifying microstructure, Using this method, numet 
ical values were obtained fon 


1) The relative volume of pearlite 
2) The relative volume of graphite 


3) The relative size of the graphite flakes 


These measurements were made by metallographic 
examinations of specimens from each bar. Because 
photomicrographs were not used in this investigation 


none are included in this paper 


Multiple Regression Analysis 

The results of machining tests, and the results of 
lineal analyses of microstructures, were subjected to 
a multiple regression analysis of a digital compute 
to derive an equation relating machinability to mi 
crostructure 

The resulting equation showed that an increase 
in machinability rating was obtained by 


1) A decrease in the relative volume of pearlite 
2) An increase in the relative volume of graphit 
3) An increase in the relative size of the graphite 


flakes 


The effect of a change in size of the graphit 
flakes was small compared to the effects of the other 
two variables. Examples of the quantitative elfect of 
these variables on machinability indices are summat 
ived in Table 1 

Machinability ratings calculated from the new 
equation were compared with ratings based on ten 
sile strength, hardness and chemical composition. of 
the irons. Each of these three parameters is | com 


monly used as an. indication. of probable machin 
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ability. The method derived in this study yielded 
better agreement between calculated machinability 
index and actual machinability index than was ob- 
tained by prediction from tensile strength, hardness 
or chemical composition. 

The findings of this study were consistent with 
the common understanding that machinability gen 
erally is improved in any metal by 1) reducing its 
strength, 2) reducing its ductility, or 3) reducing its 
coefficient of friction in contact with the tool. The 
results of this study express these effects quantita- 
tively in terms of the major microstructural con- 
stituents in ordinary unalloyed gray iron. 


SOURCE OF IRONS 


Bars of 18 gray irons were produced by member 
foundries of the Gray Iron Research Institute. They 
were standard A.S.T.M. bars 1.2 in. in diameter. The 
mechanical properties and chemical analyses of these 
bars are given in Table 2. 

The conditions represented in the study involved 
the following limitations. The bars were unalloyed, 
and ranged in tensile strength from about 20,000 to 
10,000 psi. The bars were all of the same original 
diameter, and were cast in green sand molds from 
metal melted in commercial cupolas. Machinability 
tests were made after about 0.1 in. had been machined 
from the surface of the bars so as to eliminate effects 
of surface skin, surface finish and possible surface 
detects. 


MACHINABILITY PROCEDURES 


Phe machinability indices for this study were ob- 
tained from constant-pressure lathe tests.! This test 
was based on the fact that materials of different 
machining qualities cut at different rates when. sur- 


TABLE 1 — MICROSTRUCTURE CHANGES EFFECTS ON 
GRAY CAST IRON MACHINABILITY 





Machinability Index in the 
Constant-Pressure Lathe Test 
(1113 Steel = 100, Higher Indices 
Indicate Better Machinabilityy 

Change in Index 
Due to Indicated 
Change in 
Index Microstructure 


Condition! 


Average for irons studied (93.8% 
pearlite, 8.2997, graphite, rela 
live size of graphite 3.32 
microns) 

Decrease of 10 per cent in volume 
of pearlite only. For example, 
from 93.89%, to 84.4% 

Increase of 10 per cent in volume 
of graphite only. For example, 
from 8.29% to 9.12% ; 

Increase of 10 per cent in rela 
tive size of graphite only. For 
example, from 3.32 to 3.65 
microns ; ; 

Cumulative effect of a decrease 
of 10 per cent in volume. of 
pearlite, increase of 10° per 
cent in volume of graphite, 
and increase of 10 per cent in 
relative size of graphite 201.4 


1. Percentages refer to relative volumes, 
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face speed, depth of cut and tool geometry are held 
constant, and a fixed lateral force is applied to the 
tool. For example, the present tests on gray Cast 
iron were conducted with: 


1) Surface speed of 27 ft/min. 

2) Y-in. depth of cut. 

3) High-speed steel tool with a 12-degree side rake 
angle and a 0-degree back rake angle. The lateral 
force applied to the lathe carriage by a weight and 
pulley was 60 Ib. 


In each series of tests, several bars of cast iron, 
and a reference bar of B1113 steel, were treated as a 
group. Each individual test consisted of a number of 
2-in. cuts along each bar. During each test, a record 
was made of the number of spindle revolutions 
which occurred during each of ten consecutive 0.2-in. 
increments of tool travel. The average of these num 
bers was termed the R value. Higher R values indi 
cated smaller feeds and a bar harder to machine. To 
obtain a reproducible index of machinability, the R 
value of the bar under study was compared with the 
R value of the bar of reference steel used in the 
same series. The machinability index of the standard 
was taken arbitrarily as 100. 


MICROSTRUCTURE EXAMINATION PROCEDURE 


The microstructure of each bar was evaluated by 
lineal analysis.2, Measurement was made of the 
amount of each phase present in the sample. A 
value for the relative size of graphite particle was 
also obtained. 

The apparatus used in lineal analysis was a Hur! 
but counter, a device for measuring the travel of a 
mechanical stage under a microscope. The mechan 
ical stage was driven by a motor through a gear 
train. The stage could be moved by engaging any 
one of seven similar gear trains. Each gear train was 
provided with a numerical counter to record the 


TABLE 2 — TEST BARS PROPERTIES AND 
COMPOSITIONS! 





Tensile Chemical Composition, “ 


Str., psi Bhn 1¢ C.E.2 Mn S P 





W 38,000 207 
W 38,100 207 
W - 27,900 183 


$26 2.06 8.95 0.92 009 O11 

3 ‘ 

3 
W 27 600 179 5 

3 

8 


1.00 0.92 0.09 O.11 
0.06 O.15 0.09 
066 O15 0.09 
O51 0.13 O 
051 0.13 0 


rh 


« 


ho hot 


W $2,200 197 
W -6 34,200 192 


9) 
) 


WwW $1,900 187 3.37 0.71 O10 O 
W 27,700 174 3.39 0.71 O10 O 
W -¢ 30,900 208 3.48 038 0.06 O 
WwW 29 600 199 3.48 O38 0.06 O 
W 20,900 170 3.63 0.57 O11 0 
W 19,500 174 3.63 0.57 O11 O 


o——nh! 


hor 


W : 22,100 172 3.63 58 0.57 O11 O 

Ww 22,200 174 $63 2 5S 0.57 OL 0.17 
W-d! 31,900 192 3.38 2.29 0.90 O11 0.08 
WwW j 32,400 197 3.38 2.42 0.90 O11 0.08 
W $8,900 207 $.26 1.78 § 0.30 
W f $9,200 207 $3.22 1.9] : 0.30 
1. Information in this table furnished Gray lron Research 

Institute 


2. CE ¥r.c. 








travel of the stage while that gear was engaged. 
The microstructure of the specimen being examined 
was viewed through a metallurgical microscope at a 
magnification of 1000 x. 

A cross-hair in the eye piece provided a reference 
point. A series of traverses was made of each speci- 
men. Each microconstituent under study was assigned 
to one gear train. The stage was moved by engaging 
only the gear train assigned to the particular micro 
constituent under the reference hair at any given 
instant. 

Tabulated results of the measurements and calcula 
tions for: 


1) Relative volume of pearlite; 
2) relative volume of graphite; 
3) relative size of graphite flakes; 


are given in Table 3 for each of the 18 irons included 
in the study. Table 3 also includes the machinability 
indices determined experimentally on each iron. 

The total distance of travel of the reference point 
across the specimen during any one traverse was 
taken as L. The sum of individual distances traveled 
across one particular phase during the same traverse 
was taken as L’. The ratio of L’/L was taken as V’, 
the relative volume of the particular phase as a 
fraction of the total volume of all phases. 


Graphite Size Determination 

The average relative size of graphite flakes was 
determined with the use of the Hurlbut counter in 
the following manner. In a given traverse, measure 
ments were made of: 


1) The sum of the individual distances in microns* 
that the reference point traveled across graphite 
flakes. 

2) The number of graphite flakes 


The division of the sum of the distances in microns 
by the number of flakes yielded a value which was 
taken as the average relative size of the graphite 
flakes in microns. The resulting numerical value fon 
relative size of flakes was not a measure ol any 
specific dimension of the flakes. 
In the Hurlbut-counter 
measurement is inversely proportional to the siz 


method, accuracy ol 


and the number of the areas of the particular phase 
undergoing measurement. When a traverse involves 
measurements on a large number of particles of 
small size (as in the measurement of the volume of 
graphite flakes in gray iron), the accuracy of the 
Hurlbut-counter method is lower than when a fewer 
number of larger particles or phases is measured 
To double check on the counter method, separate 
and independent calculations were made to estimate 
the relative volume of free graphite in each ban 
The relative volume of pearlite in the microstruc 
ture was measured, The total carbon content of the 
irons was determined by analysis. The pearlite in 
each bar was assumed to contain 0.8 per cent of 
carbon. Because the irons contained no massive cat 
bides, the balance of the total weight) of carbon 
in the iron was assumed to exist as free graphite 
0.001 mm 


“| micron 0.00004 in 


TABLE 3 — MACHINABILITY TESTS AND 
MICROSTRUCTURE ANALYSES DATA 





Relative Relative Relative 
Machin Volume of Volume of Size of 
ability Pearlite (y) Graphite (Vv) Graphite 
Bar No Index! ‘ ‘ 


HICTOnTS? 


W.-! 151 99.8 . 2.6) 
W 153 100.0 7S $46 
W-: 184 99.5 ’ 8 Rh 
WwW 185 97 2 $.65 
198 76.6 $.12 
179 92.7 
177 O81 
177 99.6 
177 99.9 
169 99.6 
208 RY 
203 ie 92] 
3. 193 83 9.26 
14. 232 72.3 965 
15. 164 973 8.09 
16 165 he) 8.04 
17. 164 97.3 7.76 


18. 145 g9 2 7.63 


Basis is machinability index of BIIIS steel 100 

Higher indices indicate better machinability 

labulated values are averages of six 2-in. cuts on each bar 
Based on calculation from relative volume of pearlite and 
total carbon content as described in the text 


5. 1 micron 0.001 mm 0.00004 in 





By use of the relative densities of graphite and iron 
the calculated weight of tree graphite in the iron was 
converted to relative volume of graphite in the iron 
These calculated) values were uniformly about 20 


per cent lower than the values obtained by the 


counter method. Because of this uniform relationship 
between the two methods, it was possible to use the 
results of either method for delining the relative 
volume of graphite in different: samples 


VARIABLES EFFECTS ON MACHINABILITY 
INDEX 


Phe machinability indices of the trons were tound 
to be related to each of the three variables studied 
Figure | shows how the machinability index cle 
creased when the amount of pearlite in’ the matiis 


ally Determined Mochinab 
a aa -" Nn 
. oe 2 8 Fs 


Experiment 
g 
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Relative Volume of Peorlite, per cent 


Fig. 1 Variation of machinability of gray iron w 
relative volume of pearlite in the iron 
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Experimentally Determuned Mochinabiity index 














Relative Volume of Graphite, per cent 


Fig. 2 Variation of machinability of gray iron with 
relative volume of graphite in the iron. 


increased, The spread of data points above about 97 
per cent of pearlite is easily explainable. The iron can- 
not contain more than 100 per cent of pearlite. 
Once an iron contains about 100 per cent of pear- 
lite, factors which affect machinability adversely ob- 
viously cannot be accompanied by a_ proportional 
increase in the percentage of pearlite. This explains 
the results on the three irons which had low machin- 
ability indices of about 140 to i60, and which also 
had virtually a completely pearlitic matrix. 

Figure 2 shows how machinability increased with 
an increase in the relative volume of graphite in 
the iron. Figure 3 shows that an increase in the aver- 
age relative size of the graphite flakes tended to 
cause a decrease in machinability, but that the rela- 
tionship between machinability inde and the size 
of the graphite flakes was more vi iable than the 
relationship shown in Figs. | and 2 

Figures | through 3 show that e.ch of the three 
variables under study have approximately a linear 
effect on machinability index over the range of 


240 
230 


220 


Experimentally Determined Machinability index 


5 
Relative Size of Graphite Flakes, microns 


Fig. 3 Variation of machinability of gray iron with 
relative size of graphite flakes in the iron. 
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variables studied. Because each variable had an ef 
fect, it is to be expected that graphs of machin- 
ability index against only one of the three variables 
would show considerable scatter. It was decided, 
therefore, to combine the effects of the three vari- 
ables into one parameter. 

Assuming that a linear relationship existed for 
each variable, a multiple regression analysis was per- 
formed on an I.B.M. digital computer to derive an 
equation which combines the effects of all three 
variables on the machinability index. The resulting 
equation which best fits the experimental data was 
as follows: 


M = 195.5 — 1.26 V, + 11.7V, + 1.258, 
where 
= Machinability index. 
= Relative volume of pearlite in per cent. 
= Relative volume of graphite in per cent. 
= Relative size of graphite in microns. 


Figure 4 shows how the machinability indices calcu- 
lated from this equation compared with the indices 
which were determined experimentally. 


NEW METHOD EVALUATION 


Three bases sometimes used to predict the machin- 
ability of gray iron are: 


1) Chemical composition as defined by the carbon 
equivalent (C.E. = T.C. + 14 Si) of the iron. 

2) Brinell hardness of the iron. 

3) Tensile strength of the iron. 


- a 


Figures 5, 6 and 7 show the relationship between 
each of these three parameters and the machinability 
indices determined experimentally. 

A comparison was made of the accuracy with 
which each of these three parameters and the new 
method would predict machinability. The results of 
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Fig. 4— Comparison of machinability indices calcu- 
lated from the multiple regression equation with 
machinability indices determined experimentally. 





this comparison are shown in Fig. 8. The new method 
based on microstructure gave the best correlation be 
tween predicted and actual values for machinability. 
Prediction based on carbon equivalent was second. 

A particular value of the new method based on 
microstructure is that its use would call attention to 
the presence of factors other than those included in 
this study, Specifically, examination of the micro 
structure will reveal the presence of massive carbides 
and steadite which are extremely harmful to machin 
ability. None of the other methods can be depended 
upon to do this. 


INOCULATION EFFECT 


Because some of irons included in the study had 
been inoculated and some had not, a determination 
was made of how inoculation affected ability to pre 
dict machinability from examination of the micro 
structure. Figure 9 is the same as Fig. 4, except that 
Fig. 9 indicates which irons had been inoculated and 
which had not. 

Figure 9 shows that the relationship between cal 
culated and actual values for the machinability in 
dices was not affected by inoculation. This does not 
imply that inoculation had no effect on machin 
ability. Figure 9 shows that any effect which inocula 
tion did have on machinability was detected and 
evaluated by the method used. The method, there 
fore, is equally applicable to inoculated and to un 
inoculated irons machined under the same conditions 
as those used in this study. In this connection, it is 
necessary to recall that the surface layer of the bars 
is most affected by inoculation, and that the surface 
layers of all bars were removed prior to testing. 


PHOSPHORUS CONTENT EFFECT 


Phosphorus in gray iron is generally considered to 
have a deleterious effect on machinability because 
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Fig. 9 — Inoculation effect on the relationship between 
machinability indices determined experimentally and 
machinability indices calculated from microstructure. 


phosphorus occurs in the microstructure mainly as 
hard massive steadite (iron phosphide eutectic). ‘Ta- 
ble 2 shows that the irons in this study contained 
0.08 to 0.49 per cent of phosphorus. 


Figure 10 is the same as Figure 4, except that the 
phosphorus content of each iron is indicated. It 
shows that the relationship between calculated and 


actual vaues for the machinability indices was not 
affected significantly by phosphorus contents between 
0.08 and 0.49 per cent. 


DISCUSSION 

The determined effects of pearlite and graphite on 
the machinability of gray iron were consistent with 
general principles of machinability. Generally, factors 
which reduce the strength and/or ductility of a metal 
increase its machinability. A decrease in the amount 
of pearlite, or an increase in the amount of graphite, 
will decrease both the strength and the ductility of 
gray iron, and each of these effects was found experi- 
mentally to increase machinability. 

The effect of the size of the graphite flakes is 
particularly interesting. When a simple correlation 
is made between machinability and the size of graph- 
ite flakes (as in Fig. 3), the effect of the size of the 
flakes is masked by the effects of changes in the 
amount of pearlite and the amount of graphite. The 
multiple regression analysis shows that there is a true 
effect of the graphite flakes size upon machinability. 

Measurement of the relative sizes of the graphite 
flakes may be useful for another purpose. Coarse 
(large) flakes may indicate general coarseness of 
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Fig. 10 — Phosphorus content effect on the relation- 
ship between machinability indices determined experi- 
mentally and machinability indices calculated from 
microstructure. 


microstructure, This is suggested by Field and Stans 
bury® who show that machinability is improved by 
coarser microconstituents. This possibility is of par 
ticular interest since the coarsening of microstructure 
studied by Field and Stansbury was brought about 
by changes in section thickness. 


Boulger4 indicates that machinability may be di 
rectly affected by graphite size with larger particles 
being more effective in decreasing friction. This situa 
tion would be analogous to the improvement in ma 
chinability brought about by increased size of sulfide 
particles in a free-machining steel. 
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MALLEABLE IRON 
A MAGNETIC ALLOY 


By W. K. Bock 


ABSTRACT 


Malleable iron is well-known for its strength, tough- 
ness and machinability, and is frequently specified 
where these properties are of prime importance. Mal- 
leable iron also has excellent magnetic properties, and 
although it has been specified for electromagnetic ap- 
plications designers have not had, in one place, data 
available to them on the magnetic properties. This 
paper is presented to correct that situation. 


INTRODUCTION 


The work considered here will be divided unde 
three general headings: 


1) Magnetic theory with definitions and calculations 
2) Magnetic properties. 
3) Other properties. 


The first section will not be necessary to the designers 
who work regularly with magnetic problems. How 
ever, it is offered, without apology, because some de 
signers may find it handy, and because it gives a 
background for the argument that malleable iron is 
worthy of serious consideration as a magnetic ma 
terial. 

The second section, dealing with magnetic prop 
erties, will give the important properties of malleable 
iron and, in order that the reader may have a chance 
of comparison, will also give properties of other soft 
magnetic alloys. 

The magnetic properties of materials which could 
be considered tor electromagnetic applications are so 
nearly alike that the final choice is often decided on 
other properties such as ease of forming, machin 
ability, strength, etc. Therefore, in a review dealing 
with the use of malleable iron as a magnetic material, 
it is natural to compare pertinent nonmagnetic 
properties of malleable and other materials. 


MAGNETIC THEORY 


Magnetism is a natural force which can be made to 
perform many useful functions. The two elements in 
every application are a magnetic field and a magnetic 
material, that is, a material which can respond to a 
magnetic influence. 

The earliest application of the phenomenon was 
the use of lodestone for direction finding. Magnetite, 
the mineral of which lodestone is composed, is a 
natural permanent magnet, and its unique property 
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is still used in the beneticiation of iron ore, Today, 
however, in an engineering sense, magnetite or lode 
stone is not considered a magnetic material 

Present day magnetic alloys are based on three fer 
romagnetic metals. Ferromagnetic elements are those 
which have strong susceptibility to magnetic fields 
Of the 92 naturally occurring elements, only four are 
ferromagnetic: iron, cobalt, nickel and gadolinium 
Since the last is a scarce rare earth metal, it is of no 
commercial importance 

\ny one of these metals will lose its magnetic qual 
ity if heated to a sutliciently high temperature 
Gadolinium is ferromagnetic only at low tempera 
tures. Each of the others has a well-detined tempera 
ture, called the Curie point, above which they lose 
their ferromagnetism. These Curie points are given in 
Table | 


TABLE 1 — CURIE POINTS OF ELEMENTS 





Curie Point 
Meta! ] 
Iron 


Cobalt 
Nickel 





In order to react to a magnetic influence, the met 
al must become a magnet. The mechanism involved 
has been the subject of much theorizing. At one time, 
the accepted theory was that each atom was a sub 
miniature magnet, and these magnets were normally 
oriented randomly and their elfects cancelled out 
When a magnetic field was applied, these atomic 
magnets lined up, and their effect was additive and 


the metal made a magnet 


Domain Magnetic Theory 

This theory has largely been superseded by the do 
main theory, which states that blocks of atoms act to 
gether to produce a magnetic effect. The details of 
the mechanism belong to the field of atomic physics 
and are beyond the scope of this paper. There must 
be some justification of the viewpoint, however, be 
cause out of the domain theory came the Heussler al 
loys which are ferromagnetic, but composed of the 
nonmagnetic metals aluminum, copper and manga 
nese 

In the space around a magnet, the influence of a 
magnet can be detected. The simplest demonstration 
of this is the high school physics experiment in which 
a sheet ol paper ts placed over a bar magnet and is 
sprinkled with tron powder. With litthe coaxing the 
iron filings line up to form a pattern, like that in 
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Fig. 1 Cross-section of magnetic pattern using a bar 
magnet. 


Fig. 1. Of course, the pattern mapped out by the iron 
is only a cross-section of the whole field. 

Demonstrations like this make it easier to introduce 
the concept of a line of force. The magnetic field can 
be considered to be made up of a bundle of lines 
of force, each one running from the North Pole to 
the South Pole. The lines of iron particles in Fig. | 
show this. Of course, this picture of the magnetic 
field is not a true one, because the magnetic field is 
a continuum, but the effect of the field is much like 
that of a number of lines. 


Field Intensity 

In order to describe the strength of a magnetic field 
at any point in space, it is natural to state the num- 
ber of lines per unit area measured in a plane at 
right angles to the direction of the lines of force. 
Such a definition of field strength or field intensity 
is not practical for magnetic work, and so the unit 
of field intensity which is commonly used is the 
“oersted.”’ 

A rigorous definition of the oersted would sound 
too metaphysical for this paper, so it is “defined” 
here in terms of a common method of producing a 
magnetic field. A magnetic field can be generated by 
passing an electric current through a coil of wire or 
a solenoid. The field intensity (number of oersteds) 
depends on the number of turns of wire in the coil 
per inch of its length, and on the number of amperes 
of current flowing. The number of oersteds can be 
found by the following expression. 


Oersteds = 1.2566 ampere-turns/cm = 0.4947 ampere- 
turns/in. (1) 


If a piece of iron, or other ferromagnetic sub- 
stance, is placed in the coil, the lines of force will 
prefer to go through the iron rather than the air. 
Thus, the iron core will tend to concentrate the 
magnetic field of the solenoid, A certain flux density 
will be induced in the iron. By proper laboratory 
techniques, it is possible to determine how many lines 
per unit area of iron are induced. 

The unit for reporting the result is the gauss, 
which is defined by: 


Gauss I line/sq cm = 0.155 line/sq in. (2) 
There may be some question why both the oersted 


and the gauss are necessary, since both are lines pet 


unit area. The answer lies in the fact that the above 


“definitions” were not rigorous. They are correct, but 
not complete. 
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In any magnetic design a magnetic field of given 
strength is supplied, generally by means of electric 
current in a solenoid. A ferromagnetic part, the core 
(usually of iron), is placed in the magnetic field. 
The induced magnetism is then used to produce a 
pulling or turning or other action for which the part 
was designed. How much useful force will be exerted 
will depend on how many gausses of magnetic flux 
will be developed by the number of oersteds of field 
strength available. It follows that, for design pur 
poses, one piece of information needed is the relation 
ship of induced magnetism to the magnetizing force 
of the solenoid. 


The B-H Curve 

In magnetic calculations the magnetizing force is 
denoted by the letter H, and the induced field by 
B, so the curve is referred to as the B-H curve. The 
shape of the B - H curve is shown in Fig. 2. 

The shape of the curve is explained by the opera 
tion of the domain theory. At low magnetizing forces 
there are plenty of atoms to form domains, and so a 
little change in magnetizing force induces a certain 
change in the induced magnetism. At higher magne 
tizing forces a greater portion of the atoms are al 
ready in domains, and the same change in magnetiz 
ing force produces less change in the induced mag 
netism. Finally, the domain structure is complete 
and further magnetizing force produces no further 
strength. The value of the induced magnetism at this 
point is called the saturation value. This value stated 
in gausses or kilogausses (1000 gauss) is a charac 
teristic of each alloy. 

Another important magnetic property is the per 
meability, which is a measure of the ease with which 
magnetic lines of force can pass through the metal. 
This quantity is usually denoted by ,». By definition: 


B Induced magnetic flux 
Permeability = » = 


H __— Magnetizing field 





INDUCTION ,B (GAUSS) 











MAGNETIZING FORCE, H (OERSTED) 


Fig. 2 — The B-H curve used in magnetic calculations 
The magnetizing force is denoted by the letter H, and 
the induced field by the letter B. 





So far, the discussion has dealt with the behavior of 
a magnetic system when a magnetizing force is ap 
plied. In any practical use of magnetism the field is 
applied for a while and then cut off or reversed. For 
descriptive purposes it is easiest to consider the case 
where magnetic field is built up in one direction, 
slowly reduced to zero, built up in the opposite 
direction, returned to zero and then re-cycled. The 
entire sequence of events is shown by Fig. 3. 

As the magnetizing force is increased to some value 
H* oersteds, the induced magnetism will follow a 
curve, like that of Fig. 2, but when the magnetizing 
force is decreased the induced strength will not re 
trace the original curve, but will lag behind so that 
when H, the magnetizing force, reaches zero there 
will still be some magnetism in the magnetic material. 
This is shown by the point B,. The extent of this 
retentivity, or retained magnetism, depends on the 
magnetic material and on the maximum value of the 
magnetizing force (H*) which has been used. 

Having reached zero the field force can be built up 
in the opposite direction. The induced magnetic 
strength will decrease until the magnetizing force 
reaches a value —H,, where the induced magnetism is 
reduced to zero. The absolute value of the magnetiz 
ing force at this point is the coersive force, which de- 
pends again on the metal and on the maximum in 
ducing force used. 

As the inducing force goes on to —H* and_ back 
through zero to +H*, the rest of Fig. 3 is traced out. 


Hysteresis Loss 

The shape of the loop in Fig. 3 or, more impor 
tant, its area, depends on the metal and the maxi 
mum magnetizing force. Since this area of the loop is 
so important for efficient operation of some magnetic 
designs, the hysteresis loss is an important design fac 
tor. This is the power lost in the metal, and is pro 
portional to the area of the loop. 

Hysteresis loss is usually denoted by the letter h, 


and the units used are ergs/cem/cycle. There has 


been an attempt to relate the hysteresis loss h to the 
maximum value B of induction in the cycle. For this, 
it is necessary to use the Steinmetz constant ». The 
relationship is 


h 7 Be ( /) 


where the exponent n is about 1.6 for iron and iron 
silicon alloys for limited range of magnetization. It 
is much greater for cast iron. The Steinmetz constant 
depends on the metal or alloy and runs from 0.0007 
for iron-silicon alloy to 0.025 for some steel. Clearly, 
lower values of the Steinmetz constant are desirable 
to minimize the hysteresis loss. 

Due to limitations of conditions under which the 
above equation applies the utility of the Steinmet 
constant is not great, and it is mentioned here for the 
sake of completeness. 

Another factor of importance in choosing alloys for 
magnetic work, particularly where alternating current 
is involved, is the eddy current loss. 

It was shown previously that an electric Current can 
produce a magnetic field. In a sense, this process is 
reversible. If an electrical conductor moves in a mag 








Fig. 3 Typical hysteresis loop 


netic field an electrical current is caused to flow in 
the conductor. In a generator the magnetic field is 
stationary and the conductor moves; in an electro 
magnet the conductor (core) is stationary and the 
field moves under the action of the alternating cur 
rent. This causes eddies of electrical current to be 
set up in the core of the magnet. These currents gen 
erate heat and represent a power loss which de 


creases elliciency. 


Eddy Current 

Phe eddy current depends on the area, a design 
factor, and the resistivity, a material factor. High re 
SISLIVILY is desirable. 

Eddy current losses, together with hysteresis loss, 
make up the core loss which is expressed in’ watts 
Ib at a given flux density (10 or 15 kilogausses) at 
a frequency of 60 cycles/sec. Eddy current losses are 
proportional to the squares of the thickness, frequen 
cy and maximum flux density, and inversely propor 
tional to the resistivity. Thus, the eddy current loss in 


watts per cc can be 


(ati B,,,)* 
Op }Q10 


where 


thickness of section in cm 
frequency in cycles/sec 
maximum flux density in gausses 
resistivity in micro-ohm— cm 


Combining this with equation (4) would give the 
core loss. 


Phere is nothing difficult about using the formulas 
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given previously, It is merely a question of looking up 
data, plugging in numbers and grinding out the 
answer. Equation (5) is usually applied to parts made 
up of laminations, but can be used for nonlaminated 
parts also. As the formula shows, the lower the re- 
sistivity the higher the eddy current loss, as might be 
expected. 

Armco iron, like all pure metals, has low resistivity 
and is not recommended for use in alternating current 
applications, On the other hand, 4 per cent silicon 
iron is frequently used for such jobs. If we assume a 
thickness of 4-in. and a magnetic flux of 10,000 
gausses, the foilowing eddy current losses will occur 
if 60 cycle current is used: 


BPROO on cccccccccvcc ss the watts/cm- 
Malleable 
4%, silicon iron 


Probably of more practical interest is the question 
of holding power of a magnet. Pierce* gives the 
following formula for the force exerted by a magnet. 


B2A 
x 10-6 (6) 


where 
F = force (Ib). 
B = magnetic flux (maxwells/in.?). 
A = pole area (in.*). 


*Mechanical Engineering, vol. 80, no. 4, pp. 64-66, April 1958 
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Fig. 4— Curve computed from equation (6)— 
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Here the induced magnetic flux was measured in 
gausses or kilogausses (1000 gausses) not in maxwells 
per sq in. Rather than complicate the discussion by 
introducing new units, the curve of Fig. 4 can be com- 
puted from equation (6). Notice that the force is 
given in Ib/sq in. of pole area. In order to show 
how Fig. 4 can be used, the following illustration will 
serve. 


Example 

Suppose a given part is to be made of dynamo steel 
and of malleable iron. A coil of 100 turns carrying 
two amperes will energize the mechanism. How large 
must the pole piece be to exert a force of 150 lb? No 
air gap is assumed. The coil is |-in. long. 


1) The energizing field will be 200 amp turns which, 

according to equation (1), is practically 100 
oersteds. 
Using a curve for induced magnetism for each 
material, the magnetic fluxes can be found. (The 
required curve for malleable is given in the next 
section.) 


Dynamo steel — 15.70 kilogausses. 
Malleable — 14.25 kilogausses. 


Reference to Fig. 4 gives the following forces: 


Dynamo steel — 139 Ib/in.? 
Malleable — 117 Ib/in.? 


The following areas are needed to produce a 
force of 150 Ib: 


Dynamo steel — 1.07 sq in. 
Malleable — 1.27 sq in. 


An 18 per cent greater area is necessary if malleable 
is used. 

In any electromagnetic application it is desirable 
to have the force released when the current is shut 
off. In discussion of the hysteresis loop, it was noted 
that the magnetic flux does not drop to zero when 
the magnetizing current drops to zero. This leads to 
another problem. What is the residual force in the 
above problem? 

Reference to the hysteresis curves of dynamo steel 
and malleable (also given in the next section) shows 
the retentivities to be: 


Dynamo steel -- 10.00 kilogausses. 


Malleable 6.50 kilogausses. 


Figure 4 shows the forces corresponding are: 


Dynamo steel — 58 Ib/in. 
Malleable - 25 lb/in.? 


Taking the areas into account, the dragging forces are: 


Dynamo steel — 62.5 Ib. 
Malleable 29.5 Ib. 


Figure 4 might also be used for such problems as 
finding the winding needed to energize the piece given 
the desired force and the material. 

Since this paper is about magnet alloys, examples 
of calculations of magnetic circuits involving air gaps 
will not be included. The air gap tends to cut down 





the magnetic flux. The ranking of alloys would not 
change, however, if the calculations are made for cir- 
cuits with or without air gaps. 


METALLURGY OF MAGNETIC ALLOYS 


Although nickel and cobalt and some of their al- 
loys have magnetic properties, practically all com- 
mercial magnetic materials are iron base. 

Pure iron, as represented by armco or electrolytic 
iron, reacts readily to a magnetic field, and gives a 
high value of induced magnetism. When the mag- 
netizing current is cut off, the retained magnetism is 
low. Therefore, for direct current applications pure 
iron is satisfactory. The electrical resistivity ‘of pure 
iron is low and, according to equation (5), this 
means a high eddy current loss in alternating current 
applications. 

In order to overcome this difficulty alloying is in- 
dicated. Carbon is the most common alloying element 
in iron, and carbon will increase the resistivity. Un- 
fortunately, carbon increases the retentivity making 
the alloy behave like a permanent magnet. It also runs 
up the Steinmetz constant and, according to equation 
(4), this means an increase in hysteresis loss. The 
hysteresis curves of iron-carbon alloys all show the 
expected increased area. Addition of carbon to iron 
in effect substitutes one power loss for another. That 
is why alloys for electromagnets are always low in 
carbon. The maximum is usually less than 0.10 per 
cent. 

Malleable iron, with its carbon content of about 
2.50 per cent, may seem to be an exception. In fully 
annealed malleable iron all the carbon essentially is 
in the form of graphite, which is inert magnetically. 
In effect, all that it does is decrease the active cross- 
section. The matrix of malleable iron carries all the 
magnetic lines of force, and the carbon content of 
this matrix meets the requirements outlined previ- 
ously. 


Iron-Silicon Alloys 

Silicon is another common alloying element. It has 
been found that iron-silicon alloys can be made so 
that the hysteresis loss and eddy current loss are both 
low, and still the retentivity and B-H curve are not 
materially affected. A series of iron-silicon alloys, 
ranging from | per cent to 4 per cent silicon, are com 
monly used in sheet form for alternating current ap 
plications. 

Malleable iron, with its silicon content of about 
1.25 per cent concentrated in the metallic matrix, fits 
into this range. Other alloying elements are used for 
permanent magnets. 

Unless a part can be made of sheet or bar stock, 
there are only two cast alloys in general use. Dynamo 
steel is low (less than 0.10 per cent) carbon, with 
about 0.50 per cent silicon. The other cast material 
is malleable. A comparison of these two cast alloys is 
given in Table 2. Their magnetic characteristics will 
be given in detail in the next section. 

Current comments can be made on the table. Mal 
leable iron is the only magnetic material which is at 
the same time an alloy of general application. ‘The 
magnetic properties of all magnetic alloys vary de 
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TABLE 2 — COMPARISON OF CAST MALLEABLE IRON 
AND DYNAMO STEEL 


Malleable Iron 





Dynamo Steel 


Magnetic Properties Relatively constant Depend on heat 
treatment 

Foundry Characteristics. .Good Poor 

Machinability .... ... Good Poor 

Hiavamens ....... Soft Soft 

Wear Resistance . 


Availability 


Fair to poor Fair to poor 
Standard alloy Special alloy 





pending on processing and processing variables. 
Malleable iron is made by a standard process and is 
not sensitive to processing variations, so its magnetic 
properties vary less than those of other alloys. 


MAGNETIC PROPERTIES 
B-H Curve 


For malleable iron, like any other magnetic alloy, 
it is not possible to show the complete picture of its 
response to magnetic induction with a single graph. 
The general B-H curve is shown in Fig. 5, which 
may be used in design calculations. The semi-loga 
rithmic plot is not easily read at its lower end so the 
arithmetic B-H curve is given in Fig. 6, and can be 
used in calculations involving small inducing force 

The B-H curves and hysteresis loops of other mag 
netic materials are seriously affected by processing 
variables such as rolling or heat treatment. Unless 
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these variables are closely controlled the magnetic 
properties vary more widely than would be accept- 


able. 

Malleable iron is made for many applications re- 
quiring certain properties other than magnetic qual- 
ities. In order to obtain the desired properties, a set 
process with definite controls is followed. When the 
iron is so produced that it meets the ordinary specif- 
ications it will automatically have the best magnetic 
properties, Since no special handling or treatment is 
required for malleable iron for magnetic applications, 
the variability of the product will tend to be less. 


Magnetic Variation 

There is, of course, some little variation in the mag- 
netic properties of malleable iron due to unavoidable 
variations in production. However, the effect on mag- 
netic properties is much less than the variability 
shown by other magnetic alloys. The variation in in- 
duced magnetization at low magnetizing forces is 
practically negligible. At about 30 oersteds, the varia- 
tion is not more than +0.5 kilogauss. Even at the 
highest magnetizing forces the maximum spread _ is 
about +1.5 kilogausses, and this allowance is over- 
generous most of the time, Some designers prefer to 
figure on a range + 1.0 kilogauss. 
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Fig. 7 — Effect of a 2.70 per cent carbon iron, sub- 
jected to a series of anneals, which would produce the 
most extreme annealing conditions possible, on the B-H 
curve. 
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Fig. 8 Typical malleable iron curve of permeability 
vs. magnetizing force plotted on log-log paper. 
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In order to find the sources of the variation an 
extended series of studies was made at one time, and 
it was found that the graphite content and annealing 
practice were the greatest sources of variability. 

At low magnetizing force the effect of carbon will 
not be noticed. At forces of about 25 oersteds up, the 
B value will decrease about 1.4 kiloguasses for an in- 
crease of | per cent carbon. The carbon caused var- 
iation is independent of the magnetizing force. Since 
the carbon content of white iron is always controlled 
within +0.10 per cent, the contribution of carbon to 
the variation in induced magnetism is small in com- 
mercial malleable iron. 

A 2.70 per cent carbon iron (standard malleable 
iron has about 2.50 per cent carbon) was subjected to 
a series of anneals which would produce the most ex- 
treme annealing conditions possible. The effect on the 
B-H curve is shown in Fig. 7. The variation in B 
is not great, but the curves do not represent commer- 
cial practice. In regular production of malleable iron 
the variation in annealing practice would be far less, 
and so the variation in magnetic behavior would be 
less than that shown in Fig. 7. 


Saturation Value 

The maximum value of induced magnetism in mal- 
leable iron is 18,000 gausses. This value is slightly 
lower than that for other magnetic alloys for rather 
obvious reasons. The cross-sectional area of a speci- 
men or part is determined by the dimensions of 
the piece, but, as a photomicrograph will show, part 
of this area is taken up by graphite, and the metal 
which carries the lines of force is less than the total 
cross-section. 

Ordinarily parts are not designed to use the satur- 
ation value, and if they are the lower value of mal- 
leable iron can be compensated by increasing the 
cross-sectional area. 


Permeability 

For any magnetic alloy the curve of permeability vs. 
magnetizing force plotted on log-log paper rises to a 
maximum at relatively low magnetizing force. The 
curve for malleable iron, shown in Fig. 8, is typical. 

Since graphite occupies space which does not offe1 
passage to many lines of force, it might be expected 
that the permeability would be affected by the carbon 
content. At H = 25 oersteds, an increase of | per cent 
carbon will drop the permeability about 60 points. 
Since in malleable iron the carbon is allowed to vary 
only about 0.1 per cent, the variation in permeability 
will be extremely small. 


Hysteresis 

One of the advantages of malleable iron for mag- 
netic applications is its low hysteresis loss. Figure 9 
shows a typical hysteresis curve. The hysteresis loss 
depends on the area included in the loop, and _ this 
area in turn depends on the maximum magnetization 
of a cycle. Steinmetz’ equation (4) could be used 
to compute the hysteresis loss at low magnetizations, 
but it is preferable to measure the loops. Table 3 
gives the measured hysteresis losses corresponding 
to various Maximum magnetization. 





Another loss encountered in alternating current 
work is the eddy current loss. One of the quantities 
needed to compute this loss (equation 5) is the elec- 
trical resistivity. For malleable iron this is 32 micro- 
ohm—cm. 


Coercive Force 

For any given metal, the coercivity depends on the 
previous magnetizing force. The greater this force, the 
greater will be the coercive force for removing the 
residual magnetism. Coercivity values for malleable 
iron range from | to 3 oersteds for fairly high mag- 
netization. 


Retentivity 

The retained magnetism is generally undesirable 
and depends on the previously induced magnetism. 
Malleable iron is capable of retaining only a small 
magnetic strength. Figure 10 shows the retentivity as 
a function of the previously induced magnetism. 


Comparison With Other Magnetic Alloys 

There is a long list of alloys which have been used 
for magnetic purposes. Comparison of malleable with 
each of them is not possible, so only three were se- 
lected. 

Pure iron (armco or electrolytic iron) is available 
in sheet form. Its properties depend to a great extent 
on processing, and those given below are for iron in 
a state which would be frequently used. 

Four per cent silicon iron also is available in sheet 
and strip. It belongs to the class sometimes called 
transformer iron. The properties given are not for 
grain oriented iron. 

Dynamo steel is a cast material, and is included be- 
cause it is the only cast alloy other than malleable 
iron which is used currently for magnetic applica- 
tions. 
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Fig. 9 — Hysteresis curve for malleable iron showing 
its low hysteresis loss. 


TABLE 3 — HYSTERESIS LOSS VS. MAGNETISM 


Induced Magnetism 
B max. Hysteresis Loss 
(Kilogauss) 





(ergs /ec cycle) 





5.45 . ik] 
8.63 $752 
10.06 1104 
11.40. 6199 
12.70 ORO 
13.30 : 7779 
14.20 9490 
14.60 10542 
15.20 11297 
15.80 12357 





TABLE 4— MAGNETIC PROPERTIES 





Magnetic Property Malleable Dynamo tron 4°, Si Lron 





Saturation . ; ; 18,000 21,400 21,550 19,700 
Retentivity (B=15) 6,800 9,000 10,000 

Max. permeability 2.300 6,000 6,000 7,000 
Coercive force ; 20 5.0 10 O45 
Hysteresis loss (B=—10) 1,400 1,000 3.500 
Resistivity . : $2 10 60 





Some of the magnetic properties of these alloys and 
malleable iron are given in Table 4. 

It can be seen from this comparison that malle 
able iron has magnetic properties which compare 
favorably with the properties of other magnetic al 
loys. No one of these alloys is superior to the rest, and 
so the final choice of material may depend on other 
properties which are discussed in the next section 


OTHER PROPERTIES 


Tensile Properties 

There are two grades of standard malleable iron, 
but by far the greatest tonnage is produced in the 
32510 grade. The minimum tensile properties speci 
fied are shown in Table 5. 

Dynamo steel in cast form, and most of the wrought 
forms of magnetic alloys, have tensile properties sim 


TABLE 5 — TENSILE PROPERTIES 


Yield Strength, psi $2,500 
Tensile Strength, psi 50,000 
Flongation, % 10 
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ilar to the properties of malleable iron. In fact, de- 
sign calculations for any of these alloys could be based 
on a yield strength of 30,000-32,000 psi. 


Hardness and Wear Resistance 

Since all the magnetic alloys are made up of ferrite, 
which may or may not contain a little silicon, they are 
all soft. Malleable iron contains a second phase, graph- 
ite, but this does not increase the hardness. All the 
magnetic alloys have a Rockwell B hardness of 
approximately 95. 

This low hardness means that the wear resistance 
of magnetic alloys is not particularly good. The hard- 
ness of the wrought alloys, and of cast dynamo steel, 
could be raised by increasing the carbon content and 
heat treating. The normal heat treatment which pro- 
duces malleable iron could be changed slightly to 
produce pearlitic malleable, which is harder than 
standard malleable. These changes would produce 
more wear resistant metals, but would do so at the 
expense of the magnetic properties. 

Any designer who has a magnetic application should 
recognize that the magnetic alloys from which he 
must choose are all soft, and if wear is a problem he 
must provide means of protecting against wear. 

Malleable iron is the only magnetic material 
which will respond at all to flame hardening, but the 
result is obtained by recombining carbon and so the 
magnetic properties will suffer. For the same reason, 
carburizing is not recommended. 

The use of hard steel wear plates is not a good 
idea because they form part of the magnetic circuit 


and act like permanent magnets, and increase core 
loss and retentivity. 

The best solution is to cover the surface with a 
nonmagnetic, wear resistant material like a hard 
chromium electroplate. 


Foundry Characteristics 

There are designs which, because of their shape, 
are best made as castings. If the alloy must be a mag- 
netic material, the choice would be between mal- 
leable iron and cast dynamo steel. 

The foundry characteristics of the two metals are 
quite different. Malleable iron can be produced in 
much thinner sections than cast dynamo steel. If the 
casting is not too long malleable iron can be cast /4-in. 
thick, and the dynamo steel would need to be about 
twice that thickness. 

At the other extreme, there is no limit on the 
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thickness which can be cast in dynamo steel, but mal- 
leable is limited by the occurrence of mottling in 
large sections. However, sections which would mottle 
are larger than would generally be used for magnetic 
work, because the eddy currents would be quite high 
in such large sections. 

Aside from the foundryman’s problems in dealing 
with dynamo steel, there is another advantage to mal- 
leable iron. The production of malleable iron is a 
standard thing. Dynamo steel, in contrast, is a tailored 
steel which requires some special handling. 


Machinability 

Whether the design is cast or cut from bar stock, 
there is likely to be some machining. Casting mini- 
mizes machining, but even so machinability is impor- 
tant. 

Pure iron, the silicon irons and cast dynamo steel 
have one thing in common—their machinability is ter- 
rible. They tend to load the tool and to tear. 

Malleable iron, on the other hand, is one of the 
most easily machined alloys available. It is much 
easier to machine than the free cutting steels like 
S.A.E. 1112, which are often used as standards of 
machinability. 


CONCLUSIONS 


As far as strength and hardness is concerned, all the 
magnetic alloys are alike. Malleable iron has the ad- 
vantage of being a cast form, readily available and 
easily machined. 


APPENDIX 


Although the units used in this bulletin are com- 
monly used in magnetic work, there are other units 
which are preferred by some workers. The following 
conversion table is given so that the confusion of in- 
cluding these other units in the discussion could be 
avoided. 


Ampere — turns/cm X 1.257 = oersteds 
Ampere — turns/in. * 0.495 = oersteds 
Gilberts/cm X 1 = oersteds 
Lines/cm? X | = gausses 

Lines/in.? X 0.155 = gausses 
Maxwells/cm? X | = gausses 
Maxwells/in.? X 0.155 = gausses 
Webers/cm? X 1 X 10% = gausses 


» 


Webers/in.* * 1.55 X 107 = gausses 





ELECTRICAL CONDUCTIVITY 
OF SAND-CAST 
COPPER-BASE ALLOYS 


By D. G. Schmidt and F. L. Riddell 


ABSTRACT 


The electrical conductivities of over 100 various 
sand-cast copper-base alloys have been determined. 
Since many tensile specimens were being tested daily, 
the standard 0.505 in. diameter test specimen was used 
for the electrical conductivity measurements. Data list 
electrical conductivities for the standard American So- 
ciety for Testing Materials cast copper-base alloys, plus 
many other cast copper-base alloys. The effect of alloy- 
ing elements on the electrical conductivities of the 
various classes of sand-cast copper-base alloys is il- 
lustrated. 


INTRODUCTION 


Copper or alloyed copper castings are used in the 


electrical industry for their current carrying chat 
acteristics. However, sound copper castings, with a 
minimum of 85 per cent I.A.C.S. electrical conductiv- 
ity, are difficult to make. The ordinary deoxidizers, 
such as silicon, aluminum, zinc and phosphorus, can 
not be used, because residual amounts lower the elec 
trical conductivities drastically (Fig. 1). 

Cast copper is soft and low in strength. Improved 
mechanical properties with good conductivity (40 to 
80 per cent LA.C.S.) may be obtained with heat 
treated alloys containing silicon, cobalt, chromium, 
nickel and beryllium in various combinations. How- 
ever, these alloys are expensive and less readily avail- 
able than the standard copper-base foundry alloys, 
and due to the highly oxidizable nature of their alloy- 
ing elements (silicon, chromium and beryllium), extra 
care is required in melting and pouring. 

In many instances, where design permits the use 
of lower electrical conductivities, the standard copper 
base foundry alloys may be used. Numerous inquiries, 
as to the electrical conductivities of the various copper 
base foundry alloys, were received, and the writers 
were unable to give factual data from the available 
literature. 

The Brass and Bronze Ingot Institute Manual? 
lists the electrical conductivities for several of the 
standard alloys, but the authenticity of these figures 
has never been verified. Some conductivity figures are 
listed in various manuals published by the manu 
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facturers of copper-base alloys (both in ingot form and 
as castings). However, no data as to type of speci 
men, exact analyses or other pertinent information 
are listed. 

Smith and Palmer® report the electrical and thermal 
conductivities of nine various cast copper alloys 

Kura and Lang* report the electrical conductivities 
of three alloys— 85 Cu, 5 Sn, 5Pb, 5Zn; 88 Cu, 6 Sn, 
2 Pb, 4 Zn and 80 Cu, 10 Sn, 10 Pb at five 
different temperatures. Due to the scarcity of au 
thenticated information in the literature, the authors’ 
company’s research laboratory started a program to 
determine the electrical conductivity of the many com 
mercial copper-base foundry alloys. 


RESISTANCE MEASURING EQUIPMENT 


A general purpose Kelvin bridge was used to make 
the resistance measurements. This Kelvin bridge has 
a range of 0.00001 to 1 ohms, without estimating trac 
tions of scale divisions. By adding a vernier scale to 
the equipment, readings to the nearest 0.000001 ohm 
were possible. The resistivity measurements used for 
this report are estimated to be accurate within + 0.5 
per cent. 

Since the measurement of electrical conductivity is a 
daily routine test in the company’s research laboratory, 
a constant temperature oil bath was not used. In 
stead, the test specimens were allowed to reach ambi 
ent temperature before testing, with the temperature 
being recorded for each test, and a temperature cor 
rection made in the calculations 
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Fig. 1 Effect of alloying elements on electrical 
ductivity of copper, ref. 1 
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Fig. 2— Wedge bar casting used for 18 in. x ‘-in. 
diameter conductivity specimen. 


The formula used for determining the electrical 
conductivity was: 


0.017241 


ae + 0.000068(20-t) 


« 100 


where: C = electrical conductivity expressed 
as a per cent of the International 
Annealed Copper Standard. 
the resistance in ohms of the In- 
ternational Annealed Copper 
Standard; one meter long and | 
sq mm in cross-section at 20 C 
(68 F). 

- resistance of the sample between 
potential points. 

= diameter of the sample in mm. 
distance between potential 
points in meters. 
temp. in degrees C of the sample 
when the resistance is measured. 
temperature correction for re- 
ducing resistance at the tempera- 
ture of measurement to resist- 
ance at 20 C (68 F). 


0.017241 


0.000068(20-t) 


Fig. 4 Double horizontal full-web type test bars 
(A.S.T.M. B208-49T). 
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fh 
Fig. 3 — Rod bar casting used for 18 in. x *%-in. diam- 
eter conductivity specimen. 


TEST SPECIMEN SELECTION 

In order to obtain relatively high resistance read- 
ings, a long bar of small cross-section was originally 
used, The first test bars poured were wedges, 18 in. 
long, 2 in. deep and | in. across the top, with a %»- 
in. radius on the bottom (Fig. 2). The test specimen 
was then cut from the bottom portion of the cast- 
ing and machined to a 0.350 to 0.375 in. diameter rod. 
This wedge-type bar gave results that were not re- 
producible from one heat to another of the same ma- 
terial. In addition, the test specimen was unwieldy, as 
far as removing from the wedge casting and then 
machining. 

Figure 3 shows the second type test casting used. 
This was a 14-in. diameter rod, 18 in. long, which 
was then machined to 0.350 to 0.375-in. diameter rod. 
Most of these rod castings exhibited center-line shrink- 
age, and it was felt that for consistent and accurate 
results, the test specimens should be as sound as pos- 
sible. 

Since one of the functions of the research labora- 
tory is to determine mechanical properties of produc- 
tion heats made for shipment, it was felt that these 
same tensile test bars could possibly be used for the 
electrical conductivity measurements. Sound test bars 
could readily be obtained from the horizontal 5-in. 
Web-Webbert test bar casting, Fig. 4 (Fig. 3 A.S.T.M. 
B-208-56). This bar is machined to 0.505-in. diameter 
with a 214-in. length of uniform cross-section. 

To determine if the standard 0.505 in. diameter 
bar would prove satisfactory, a 34-in. diameter and 
12 in. long piece of wrought brass, of the following 
composition was tested for conductivity. 

Copper, % 
Tin,% 
Lead,% 
Iron,% 
Nickel,°%, 
Zinc,°% .. Remainder 


From this 12 in. long rod, two standard 0.505 in. 





diameter tensile test bars were machined, and the con 
ductivity measured over a 2-in. length. Table 1 lists 
the results of this test. 

From the close agreement between the conductivity 
of the longer bar and the standard 0.505 in. diam 
eter test bar, it was decided that electrical conductivity 
measurements could be accurately determined on the 
standard 0.505 in. diameter tensile test specimen. 


FOUNDRY PROCEDURE 


The melting charges consisted of all ingot, or ingot 
plus foundry returns of known composition. The 
charges were melted in a No. 60 crucible, in a gas 
fired crucible furnace. In all heats, the atmosphere 
above the melt was of an oxidizing nature 

In the case of the copper/tin/lead/zine alloys, 15 
per cent phosphor copper was used for deoxidation 
just prior to pouring (usually 2 oz per 100 Ib of 
metal), Zinc additions were made to those alloys re 
quiring replacement for that lost on melting. A 
proprietary alloy for deoxidation and fluidization of 
the nickel silvers was used. No special additions were 
required for the aluminum or silicon bronzes. 

\ match plate of the test bar pattern, Fig. 4 (Fig. 
3 A.S.T.M. B-208-5), was used to make the molds. 
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Ihe molds were made from a natural green sand, 
having the following average properties: 


Green Strength, psi 
Permeability 
Moisture,” 


The melts were poured at temperatures consistent 
with good practice for each alloy, to obtain optimum 
properties. In almost all cases, the test bar castings 
were shaken out one-half hour after pouring. 


DISCUSSION OF RESULTS 


The electrical conductivities, as determined by the 
research laboratory, and by other investigators, are 
listed in Table 2. The alloys listed in this table are 
those standard copper-base alloys, both in ingot form 


TABLE 1 — CONDUCTIVITY TEST RESULTS 





0.75 in 0.505 in 0.505 in 


diameter bar tensile bar tensile bar 


Temp C (Fr) 24.5 (76.1) 23.3 (73.9) 293.3 (73.9) 
Diameter, mm 19.0 12.8 12.8 
Length, meters 0.18 0.051 0.051 
Resistance, ohms 0.000058 0.000036 0.000036 
LACS... & 18.9] 18.95 18.95 





THE STANDARD A.S.T.M. COPPER-BASE ALLOYS 





A.S.1.M. Specificatio 


Class Alloy Ingot ( 


n 


LACS 


Smith Kura 
BBL Miy and and 


stings Manual Literature Palmer Lang 


lin bronze R8-10-0-2 B30 (1A) B1l43 (1A) 10-12 10.9 


RR-R-O-4 (1B) 


(2B) 


Leaded tin bronze 88-6-2-4 B30 (2A) B143 (2A) 
1-4 


87-8 

High lead tin bronze 80-10-14 
83-7-7-3 (3B) 
5-5-9-1 (30) 
7-15 (3D) 
Leaded red & semi-red brass 5-5-5-5 B30 (4A) 
1-6-7 (4B) 
3-7-9 (5A) 
76-3-6-15 (5B) 


Leaded yellow brass 72-1-3-24 B30 (6A) B146 


68-1-3-28 (OB) 
63-1-1-35 (6C) 


Leaded high strength yellow 
brass 60,0002 T.S B30 (7A) 


High strength yellow brass 65,0002 T.S. B30 (8A) 
90 000 TS (RB) 
110,0002% T.S (RC) 


Aluminum bronze 88-3-9 B30 (GA) 
89-1-10 (9B-AC)* 
(9B-H1I)** 
86-4-10 (9C-AC)* 
(9C-HT)** 
R1-414-10-414 (9D-AC)* 
: (OD-HT)** 


(1B) &. 14-16 11.6 
15 
| 


13 
(2B) 10-12 


)-10 B30 (3A) Bl44 (3A) 7-12 


(SB) 2.3 10-14 
(30) 
(3D) 


(4A) 
(4B) 
(5A) 
(5B) 


(OHA) 
(OB) 
(00) 


(7A) 


(MA) 
(RB) 


(RC) 


(QA) 
(9B-AC)* 
(9B-H1)** 
(9C-AC)* 
(9C-H1)** 
(9D-AC)* 
(9D-HIT)** 


Leaded nickel bronze 5)-2-9-22-12 B30 (10A) B149 C1OA) 


64-4-4-8-20 (1A) 
66-5-1-3-25 (11B) 


Silicon bronze 


Silicon brass 


*Sand cast 
**Heat treated 1650 F (905 ©), 2 hr, water quenched follos 


et 


(IIA) 
(11B) 


BIOS (124A) 
BIOS (ISA) 


(13B) 


LIOOF (5995 O) 
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and as castings, as specified by the A.S.T.M. In most 
cases, there was agreement between the electrical con- 
ductivities determined in this work and those deter- 
mined by other investigators. 

The electrical conductivities of the various classes 
of sand-cast copper-alloys are listed in Table 3 to 
Table 10, inclusive. 

In a paper by A. L. Norbury,5 where the effects of 
several elements on the electrical conductivity were 
determined, it was found that the specific resistivity 


was raised approximately 1.3 times for each 1.0 per 
cent of nickel or tin added to copper. Since tin and 
nickel have approximately the same effect on elec 
trical conductivity, the data from Tables 3, 4, 5 
and 6 are illustrated in Fig. 5, where electrical con 
ductivity is plotted against the per cent tin plus nickel 

For the alloys considered in Fig. 5, the effects of 
zinc, lead and the minor elements appear to be rel 
atively small, as most of the points lie on or close to 
the average curve. As the tin and nickel are in 


TABLE 3 — ELECTRICAL CONDUCTIVITY OF SAND-CAST TIN BRONZES AND LEADED TIN BRONZES 





Alloy 
Nominal 


Composition, per cent 


Average °; 





Composition } Sn Pb 7n 


Fe Sb 1.A.C.S 





89 11-0 0 10.6 trace trace 


88-10-2-0 9.3 2.2 0.3 
88-10-0-2 10.1 0.2 2.5 
88-8-0-4 8.2 0.15 3.8 
88-6-2-4 6.0 1.8 3.1 
BK-5-2-5 5.3 yo 4.5 
87-11-1-0-1 (Ni) 10.2 1.0 0.3 

11-1-0-1 (Ni) 10.5 1.0 0.3 

11-1-0-1 (Ni) 10.6 1.1 0.7 

11-0-1-1 (Ni) 11.5 0.2 1.0 
87-10-1-2 9.7 0.9 2.1 
87-10-2-1 i 9.7 1.6 1.6 
87-8-1-4 f 8.0 0.7 3.3 
88-5-0-2-5 (Ni) 5.4 0.01 2.4 
88-5-0-2-5 (Ni) 


8R-5-0-2-5 (Ni) (H.T. — 1400 F - 4 hr - oil quench 


87 2-5 (Ni) 86.5 5.1 1.1 a 
87 2-5 (Ni) 


5 
85-9-1-0-5 (Ni) 83.6 9.2 1.2 04 


84-16-0-0 83.9 15.4 0.05 0.3 


(Cooled in sand to room temp.) 


(H.T. — 1400 F -5 hr - air cool 


0.03 trace 96 
0.02 0.09 11.0 
0.06 0.03 R 10.9 
0.08 0.03 12.4 
0.08 0.10 13.8 


0.15 0.03 14.1 
0.01 0.03 11.1 
0.01 0.03 10.1 
0.10 0.03 9.2 
0.03 0.03 ; 10.1 


0.10 0.10 10.8 
0.03 0.10 11.0 
0.15 0.10 12.3 
0.03 0.02 11.5 
11.9 

+ 600 F -5 hr - air cool) 14.8 
0.10 0.02 5 12.0 
600 F -7 days - air cool) 15.7 
0.1 0.02 10.3 
trace 0.02 02 8.5 





TABLE 4— ELECTRICAL CONDUCTIVITY OF SAND-CAST HIGH LEAD TIN BRONZES 





Alloy 
Nominal 
Composition : Sn Pb 7n 





Composition, per cent 


rage 


Fe a Ni JF oe 





1. 8.0 09 
4! 98 l 
84-8-8-0 7 8.1 )! 
1-8-4 4.0 8.3 z= 
7-7-3 2. 6.8 75 2.1 
8-9-0-2 (Ni) 2.2 7.0 9.0 0.2 
10-10 9, 8.8 10.1 0.7 
7-15 . 6.8 14.5 0.7 
$-20-0-2 (Ni) . 3.4 18.4 0.3 
13-10-0-2 (Ni) j 13.1 94 0.5 
3-45-22 3. 4.2 21.9 0.1 
2-32 66.1 1.9 31.0 0.1 


87-4-8-1 
85-5-9-1 


0.02 Fj 0.30 16.4 
0.03 b. 0.50 14.9 
0.02 3 0.25 11.8 
0.10 0.40 16.9 


0.10 5 0.60 12.4 
0.01 2 1.25 12.1 
0.01 2 0.35 11.0 
0.03 : 0.25 11.6 
0.05 . 2.20 14.2 
0.02 5 2.00 8.6 
0.01 0.50 14.1 
0.01 f 0.50 17.8 





TABLE 5 — ELECTRICAL CONDUCTIVITY OF SAND-CAST LEADED RED BRASS AND 
LEADED SEMI-RED BRASS 





Alloy 
Nominal 


Composition, per cent 





Composition Cu } 7n 


Fe 





93-1-2 93.1 i 3.0 
85-5-5-! 84.6 of 5.3 1.6 
83-4-6-7 82.4 3. . 6.5 
q 82.9 A 10.1 
¢ 81.2 : 8.0 
5-5-5-5 (Ni) 79.9 4. 3. 1.6 
3-7-11-1 (Ni) 79.7 6 i. 10.0 
$-6-15 74.6 3. 7. 14.3 
214-614-15 76.7 ! 0.5 13.6 
76-2-6-16 75.3 ‘ 15.0 
76-1-6-17 75.9 7 14.8 


83-3 
5 


0.05 
0.10 
0.20 
0.20 
0.25 
0.30 
0.25 
0.15 
0.30 
0.15 
O15 
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TABLE 6 — ELECTRICAL CONDUCTIVITY OF SAND-CAST YELLOW BRASS 





Alloy 
Nominal 
Composition 


72-1-5-22 

68-1-3-28 

64-0-0-35 64.5 
63-1-1-35 61.9 
63-1 35 61.8 
60-1 38 59.9 
60-0 37 61.5 
60-0 38 59.5 


60-0-0-40 60.9 
60-0-2-38 58.7 
58-1 10 58.6 
52-0 18 52.4 


Composition per cent 


Fe Others 


1.1 Si 


0.25 Al 
1.15 Al 
0.06 Al 
11 Al 


0.8 Al 


0.5 Al 
0.4 Al 








Fig. 5 Effect of tin plus nickel on 
the electrical conductivity of tin 
bronzes, leaded tin bronzes, high lead 
tin bronzes, leaded red brasses and 
leaded semi-red brasses 
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creased, the electrical conductivity decreases. The data 
for the 87-11-1-0-1 alloy show that as the phosphorus 
is increased, the conductivity decreases (Fig. 6). 

The electrical conductivities of various sand-cast 
yellow-brass alloys are listed in ‘Table 6. In the range 
of copper used in the yellow brasses, i.e., 50 to 75 per 
cent copper, Fig. 7 shows that as the coppel is in 


creased, the electrical conductivity decreases. Here 


again, tin shows the effect of lowering the conductivity 
It is surprising to note that aluminum, which is nor 
mally added to many of the yellow brasses for in 
creased fluidity, has net appreciably affected the con 
ductivity. 

Table 7 lists the electrical conductivity of the sand 
cast high strength yellow brasses. Manganese bronzes 
Fable 11 and Fig. 8 show the effect of copper on the 
electrical conductivity of a manganese bronze type al 
loy. For this alloy, as the copper is increased, the con 
ductivity decreases. 

The electrical conductivities for the sand-cast alum 
inum bronzes, both in the as-cast and heat treated con 
ditions, are listed in Table 8. Heat treating at 1650 1 
(905 C) for 2 hr, water quenching, followed by 1100 
(595 C) for | hr and water quenching, lowers the 
electrical conductivity. Table 12 and Fig. 9 show the 
effect of aluminum on the electrical conductivities of 
three standard sand-cast aluminum bronzes. Within 
the range of aluminum used, as the aluminum content 
is increased, the electrical conductivity is also in 
creased. 

lable 9 lists the electrical conductivity for the sand 


US NICKEL, PER CENT 


cast nickel-silver and copper-nickel alloys. Due to the 
many different combinations of alloying clements used 
in these alloys, little correlation of data is possible 
The trend appears to be that as nickel increases 
clectrical conductivity decreases 

Fable 10 lists the electrical conductivities for the 
sand-cast silicon-bronzes and silicon brasses. ‘Table 13 
and Fig. 10 show the effect of silicon on the electrical 
conductivity of three standard copper-silicon alloys 
Within the range of silicon used for these alloys, an 
increase in silicon decreases electrical conductivity \n 
increase of approximately 10) per cent zinc has not 
appreciably lowered the electrical conductivity of the 
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Fig. 6 Effect of phosphorus on the electrical con 
ductivity of 87-11-1-0-1 leaded tin bronze 
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TABLE 7 — ELECTRICAL CONDUCTIVITY OF SAND-CAST 
HIGH-STRENGTH YELLOW BRASS 
(MANGANESE BRONZE) 





Average 
Composition, per cent p 


Alloy Fe Al Mn Others LA.CS 


® LA 


60,000 psi T.S 58.) 0.9 0.7 04 0.6 Sn 19.3 
0.8 Pb 
65,000 psi TS. Ht 1.0 21.9 
Nickel Manga 
nese Bronze 53.9 
80,000 psi rs 58.5 
90,000 psi rs 59.1 
90,000 psi T.S. 64.0 
90,000 psi T.S 58.4 
90,000 psi T.S 66.8 
110,000 psi Ss 62.5 


CONDUCTIVITY, 


ELECTRICAL 




















11.0 





58 62 66 

COPPER, PER CENT 
Fig. 7 Effect of copper and tin on the electrical 
conductivity of yellow brass alloys. 
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Fig. 8 (Right) Effect of copper on the electrical 
conductivity of a manganese bronze alloy. 
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TABLE 8 — ELECTRICAL CONDUCTIVITY OF SAND-CAST ALUMINUM BRONZES 





Alloy Condition 
Nominal of 7 a _ 
Composition Bars , fe Al Mn 


Composition, per cent 








Copper-Aluminum 
95-5 As-cast 5.1 trace 
90-10 As-cast 88.8 11.0 0.01 
88-12 As-cast 87.9 11.8 0.01 


Copper-Iron-Aluminum 
90-1-9 As-cast 89.1 f 9.2 0.10 
89-1-10 As-cast 88.2 10.1 0.01 
89-1-10 Heat treated* 88.2 ‘ 10.1 0.01 
8-3-9 As-cast 87.4 : 8.9 0.06 
86-4-10 As-cast 85.9 : 10.4 0.06 
86-4-10 Heat treated* 85.9 : 10.4 0.06 
84-4-12 As-cast 84.4 3. 11.8 0.05 
B1-5-14 As-cast 80.8 é 14.0 0.20 


Copper-Iron-Aluminum-Nickel 
88-1-10-1 As-cast 88.1 9.9 0.01 
87-1-10-5 As-cast 87.1 9.8 0.06 
84-4-10 As-cast 83.4 10.4 0.1 
84-4-10-2 Heat treated* 83.4 10.4 0.1 
81-3-11-5 As-cast 81.5 10.5 0.1 
S1-4-11-4 As-cast 81.6 10.4 0.1 
80-5-10-5 As-cast 79.5 , 10.2 0.1 
80-5-10-5 Heat treated* 79.5 10.2 0.1 
76-5-14-5 As-cast 76.7 14.0 
Copper-Iron-Aluminum-Manganese 
85-3-11-1 As-cast 85.3 10.7 
85-3-11-1 Heat treated* 85.3 ya 10.7 
Copper-Iron-Aluminum-Nickel-Manganese 
80-5-9-5-1 As-cast 78.9 9.6 
79-5-9-5-2 As-cast 78.9 8 9.1 
78-5-9-5-3 As-cast 77.3 9.6 


*Heat Treatment 1650 F (905 C), 2 hr, water quench, plus 1100 F (595 C), | hr, water quench 
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TABLE 9 — ELECTRICAL CONDUCTIVITY OF SAND-CAST NICKEL SILVERS 
AND COPPER-NICKEL ALLOYS 





Alloy 
Nominal 
Composition 


Composition per cent 


Pb Zn Fe 





Sn 





9%, Nickel Silver 

12%, Nickel-Copper 

12% Nickel Silver 

,, Nickel Silver 

1, Nickel Silver 
Nickel-Copper-Zinc 
Nickel Silver 
Nickel -Copper-Zinc 
Nickel-Copper-Tin 

, Nickel Silver 
Nickel Silver 
Nickel-Copper 
Nickel-Copper 


1.4 
0.01 


0.1 $5.3 1.1 
0.01 0.01 


6.3 
9.9 


14.3 


2.6 
1.9 19.7 
2.2 10.5 
trace race 8.5 
3.7 6.0 
0.3 21.0 
10.2 1.8 
1.3 10.9 
4.7 2.8 
trace 
trace 


trace 
trace 


Others 


10 Al 
1.2 Al 
0.7 Mn 


0.6 Mn 
0.7 Mn 
0.7 Si 

















86-4-10 
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ALUMINUM, PER CENT 
Fig. 9— Effect of aluminum on the electrical con- 


ductivity of aluminum bronze alloys. 


TABLE 10 — ELECTRICAL CONDUCTIVITY OF CAST 
SILICON BRONZES AND SILICON BRASSES 


Alloy 
Nominal 
Composition 


96-1-3 





; Average 
Composition, per cent o7 

Fe Mn Si Zn Others LACS 
0.15 

0.2 
0.1 
0.1 
1.2 
0.1 
0.1 
0.2 
0.2 





Cu 
95.8 
94.7 
95.0 
. 92.0 
.. 90.4 
90.5 
.85.9 
..90.2 
81.9 


01 
0.3 
3.5 
1.6 
0.2 


6.5 
5.9 
6.6 
6.1 
7.4 
8.8 
1.9 73 
3.6 10.7 
13.9 6.5 





0.8 Sn 
0.4 Al 
0.02 


0.01 
0.01 


2.0 
1.4 
4.0 





TABLE 11 — COPPER EFFECT ON ELECTRICAL 
CONDUCTIVITY OF MANGANESE BRONZE 


Composition, per cent o7 








electrical conduc 


Fig. 10 Effect 
tivity of silicon 


of silicon the 


bronze alloys 


on 


TABLE 12 — ALUMINUM EFFECT ON ELECTRICAL 
CONDUCTIVITY OF SAND-CAST ALUMINUM 
BRONZES 





Composition, per cent 
Alloy , A] 
89-11-10 92 
96 
10.1 
10.4 
10.7 
10.9 
RY 
97 
10.2 
10 
10.7 
1] 


Fe 


7 
= 
s 





2.4 
2.1 
2.0 
19 
1.9 


NO PO PO ho 
ooo A 


r 
or 


LA.CS 


10.8 
10.5 
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TABLE 13 — SILICON EFFECT ON ELECTRICAL 
CONDUCTIVITY OF SAND-CAST COPPER-SILICON 
ALLOYS 





Composition, per cent 
Alloy y Si 








95-1-4 : 2.8 
3.0 
3.8 
4.6 
5.0 


Si 
3.2 
3.4 
3.9 
4.3 
44 


15.2 
13.9 
80.5 E 15.2 
82.1 4 13.3 
82.1 6 13.1 
81.4 : 13.7 





copper-silicon-zinc alloys (compare the 92-4-4 curve 
with the 814-15 curve, Fig. 10). 
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HEAT TREATMENT OF 
DUCTILE IRON 


By W. D. McMillan 


ABSTRACT 
The heat treatment of ductile iron castings on a ton- 
age basis is considered. It is the purpose of this paper 
to cover the three types of treatment set up to process 
the castings. First, a full ferritizing anneal. Second, a 


sub-critical draw for machinability retaining the “as 
cast” tensile properties and third a two temperature 
normalizing in the interests of machinability for small 


castings furnished against the “as cast” specifications. 


INTRODUCTION 


The heat treatment of ductile iron castings on a 
tonnage basis is considered, rather than on a specific 
or individual casting basis. The planned as well as 
expedient measures that have been put into practice 
during a period of about eighteen months of produc 
tion are covered. 

The foundry property originally produced gray 
iron castings. The melting equipment consisted of 
three No. 914 acid lined cupolas. The molding facili 
ties include three mechanized units, side floors for 
short runs and four slinger floors. 

In February 1957, a 66 in. externally water cooled 
refractoryless cupola was installed to melt iron of a 
composition suitable for ductile iron, This is oper 
ated with a basic slag in the interests of a low sulfur 
content, No other major changes in equipment were 
made at that time, Currently with increase tonnage 
on schedule, as well as a considerable potential in 
crease, new facilities are being provided. 

Iwo grades of ductile iron are regularly produced 


As-Cast Brinell 192-241 
Annealed Brinell 156-212 


80-55-06 
64-15-15 
Because ductile iron will show a hardness of 300 
srinell when air quenched from 1650 F, and will also 
self-anneal in the mold under the right conditions, to 
show a hardness as low as 166 Brinell, considerable 
variation in hardness is to be expected. Casting hard 
ness varies with the rate of cooling and the tempera 
ture at which they are shaken out. 

The process set up to provide a full ferritic struc 
ture utilizes existing annealing equipment in the 
malleable foundry, The furnace is a batch-type unit 
with a maximum load of 15 tons, although the heats 
may run as low as 10 tons of castings. It is a radiant 
tube fired furnace and a high nitrogen atmosphere 
is used. The castings are not cleaned after annealing 
The heat up period will vary depending on the tem 


W. D. McMILLAN is Supvr. of Met., International Harvester Co., 
McCormick Works, Chicago. 


perature to which the furnace drops between heats 
The cycle is basically as follows 
1600 F & hi 
1600 F 3h 
1350 F Shi 
1350 F 3h 
14 hi 


Heat up to 
Hold at 
Cool to 
Hold at 


\ complete cycle can be made in about 17 hr includ 
ing loading and unloading. 

Phe mechanical properties based on results of the 
Y Block tests show the following: 


Hardness 90°; between 170) and 187 
Brinell. Maximum hardness 196 
90°) between 49,0000 psi and 
57,000 psi. Values above 58,000 
are associated with higher sili 
con. Yield of 49,000 pst 1s ob 
tained with 2.40 silicon 

between 68,000) psi to 


Yield Strength 


Tensile Strength. . 90°, 
75,000) psi. Higher values asso 
ciated with higher silicon 

Per Cent 

Elongation 90°° between 18 and 22°; 

10°) between 16 to 18°) elonga 


tion. 
Casting specified annealed tall into two groups 


1) Those requiring higher ductility because of ad 
justment in assembly and because of service con 
ditions 

2 ; be he treesing : of 

2) Small gears that because of the treezing rate o 
light sections will show carbides are annealed for 
machinability. These gears are machined and 

heat treated to a hardness of about 50 Rockwell ¢ 


DUCTILE IRON COMPOSITION 


\s mentioned earlier, the composition of the due 
tile iron is such that the castings will air harden 
when dumped hot 

The manganese ranges from 40 to 50 points, and 
reflects the manganese content of the steel scrap 
which establishes the manganese level 

The copper content ranges from 6 to 12) points 
This level also is established by the copper residual 
in the steel scrap 

The nickel content is maintained at 40 points, and 
results from the use of nickel bearing treatment alloy 
The nickel content contributes about 2500 psi to the 
annealed iron, and constitutes a saleguard against a 
yield point below the 45,000 psi specified 
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With the high air hardenability and a fast shake 
out, castings of an intermediate section size and in- 
termediate cooling rate show hardness values higher 
than 241 Bhn, ranging up to 321 Bhn. 

Castings in this group are usually made up of 
4-in. to | in. sections. Location and size of gates and 
feeders influence the amount of retained heat which 
affects the ultimate hardness. 

The freezing rate of castings in this group is such 
that no carbides are present, and the hardness results 
from the rate of cooling or air quenching rather than 
from the freezing rate of the metal. The temperature 
from which the casting is air cooled is the controlling 
factor. These castings are processed by a sub-critical 
anneal consisting of 3 hr at 1200 F and air cooled. 
This practice is an expedient rather than a planned 
process, and has become necessary on certain castings 
as a result of the hardness developed by hot dumping. 
This treatment is carried out in a push-type, open- 
fired furnace which will handle about 700 to 800 Ib 
per hr. Being open fired, the castings are airless-blast 
cleaned after annealing. This operation is also per- 
formed in the same type of furnace as used for the 
full anneal, the temperature being held at 1200 F for 
3 hr. 

This is essentially a ferritizing treatment. At 1200 F, 
lerritizing is not complete and a hardness level main- 
tained of approximately 200 Bhn. At this hardness, 
the mechanical properties of tensile, yield and elon- 
gation will meet the requirements of the as-cast grade. 

The 1200 F temperature has been established for 
the metal produced in this foundry, and takes into 
account the character of the iron as influenced by the 
melting operation, residual elements and the manga- 
nese, phosphorus and nickel content. 

For metal melted under different conditions and 
of different composition, a higher or possibly a lower 
sub-critical temperature would be necessary to main 
tain a hardness at a given level. 


BRINELL HARDNESS 


The two specifications produced combined show a 
total spread of hardness of 156 to 241 Bhn. Actually 
there is an over lap of 20 points of Brinell hardness 
192 to 212, which could apply to either the as-cast 
or the annealed grade, However, from the standpoint 
of elongation and formability, and sub-critical anneal 
does not produce the properties or characteristics ob 
tained by an anneal involving a full austenitizing. It 
is not a satistactory alternate treatment if the proper- 
ties obtained by a full anneal are required. It is satis 
factory as a treatment where the anneal is performed 
only to provide a structure of higher machinability. 

A third heat treatment process has been set up. This 
is lor castings specified as-cast, but which because of 
section size, and consequently, freezing rate, will show 
some carbides, Light section 4-in. to % ,¢-in. castings 
fall into this group, and fortunately constitute only 
about 3 to 5 per cent of the tonnage. Wall thickness 
is not necessarily the determining factor. “Dead 
ends,” particularly in the drag, are more liable to 
show carbides than similar sections where the metal 
can flow through the cavity. 
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This treatment consists of a two-temperature nor- 
malize. It is essentially 2 hr at 1650F to break up 
the carbides, cooling to 1450F and air quenching 
after 2 hr at this temperature. 

Obviously, a sub-critical treatment will be ineffec- 
tive in removing carbides, and since the specifications 
require a minimum of 80,000 psi the full annealing 
treatment cannot be used. This is the reason for the 
two temperatures normalizing practice. 

Castings showing carbides may run as high as 340 
Bhn, and as low as 255 Bhn. On heavy section cast 
ings, the hardness may be as high as 285 Bhn, and 
show no carbides, A hardness of 295 or 302 Bhn is 
regarded as suspicious from the standpoint of car- 
bides. The shape of the casting, size and location in 
the mold, with respect to the flow of the metal, is 
better basis for singling out castings that will show 
carbides than a Brinell hardness test. This is also a 
lot more practical as many light castings are too 
small to obtain Brinell readings. 


TENSILE PROPERTIES 


This heat treatment results in lowering the hard- 
ness from the vicinity of 300 Bhn to a range of 217 
to 241 Bhn. The tensile properties range from 84,000 
to 100,000 psi tensile strength, 63,000 to 68,000 psi 
yield strength with elongation 10 to 12.5 per cent. 
These values are generally higher than obtained on 
as-cast bars at the same hardness levels. 

This process is an expedient measure but appears 
to be of a permanent nature. It relates to a condition 
that is inherent to the metal composition suitable for 
ductile iron. However, the 1200 F process is of a less 
permanent nature, and could be eliminated or at 
least to great extent by lowering the shake out tem- 
perature, which is the dominating factor in causing 
high as-cast hardness. 

Ihe as-cast tensile properties based on Y Blocks, 
cooled in dry sand molds, reflect the variations in 


composition, principally silicon and carbon, as the 
other elements are fairly uniform. . 


A survey of two representative months production 
shows that 90 per cent of the results were in the 
following range: 


... . 84,000 to 90,000 
. 56,000 to 67,000 
6 to 15 — Ave. 10.9 


Tensile Strength 
Yield Strength 
°., Elongation in 2 in. 


It is the purpose of this paper to record the three 
types of heat treatment set up to process ductile iron 
castings produced at this operation. These represent 
the measures taken and pertain to this specific opera- 
tion. They would not necessarily apply without some 
modification to the product of other foundries. 

The economic virtue of ductile iron lies in as-cast 
ductility. It is referred to as “the cast iron that can 
be bent,” which should be qualified as to how much 
bend and at what hardness. 

There lies ahead further study of composition, 
character of the charge materials and modification of 
the facilities in the interest of increasing the tonnage 
that can be used as-cast. 
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RADIOGRAPHY, MICROSTRUCTURE AND 
MECHANICAL PROPERTIES OF CAST 
MAGNESIUM—THORIUM—ZIRCONIUM 


ALLOY HK 31A 


By T. R. Bergstrom and R. G. Bassett 


ABSTRACT 


Radiographs of cast HK31A magnesium parts exhibit 
sweeping dark lines, light areas of both circular and 
angular outline, light areas similar in shape to shrink- 
age cracks and mottled or banded areas. These indica- 
tions are excellent evidence of macrosegregation in 
the castings. An evaluation of the effect of this segre- 
gation on the mechanical properties of the cast 
material was essential to continued use of the cast 
parts. Several castings were selected on the basis of 
x-ray indications to be cut into tensile specimens 
representative of the segregation conditions. 

These specimens were tensile tested at room 
temperature and at 500F. Autoradiographs, radio- 
graphs, micrographs and spectographs were made of the 
specimens to investigate variations in composition and 
associated effects. It was determined that the x-ray 
indications were caused by segregation, and that the 
segregation had a definite effect on the microstructure. 
Severe segregation was found to lower mechanical 
properties. Regions deficient in alloying elements had 
reduced elevated temperature mechanical properties, 
but had normal room temperature properties. 

Areas of high alloying element content were found 
to have reduced mechanical properties at both room 
and elevated temperature. Radiographic standards were 
established on the basis of the evaluation. 


INTRODUCTION 


The demand for light alloy castings capable of re 
taining relatively high strength at elevated tempera 
tures led to the development of magnesium alloys 
containing the rare earth metals, thorium and ir 
conium. These alloys have been useful in aircraft and 
missile design, and their increased use is almost cer 
tain. Although there are several commercial casting 
alloys of this type, the following discussion is based 
on testing and evaluation of the magnesium alloy 
designated HK3IA (chemical composition: Th 2.5-4 
per cent, Zr 0.5-1.0 per cent, Mg remainder). 

Thorium, with an atomic weight of 232 and a den 
sity of 11.5, is more Opaque to x-ray than magnesium, 
with an atomic weight of 24 and a density of 1.74. 
Zirconium, with atomic weight of 91 and a density of 
6.5, is also more opaque than magnesium (the absorp 


T. R. BERGSTROM and R. G. BASSETT are Assoc. Rsch. Engr. 
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a correlation 


tion coefficient of x-rays increases with the atomic 
number of the absorbing atoms, the number of atoms 
per unit volume and the x-ray wave length).! As a re 
sult, portions of a casting that contain higher than 
normal concentration of thorium or zirconium will 
absorb greater amounts of radiation and appear as 
light areas on x-ray films, Conversely, deficient regions 
will absorb less radiation and appear darker. 

hese conditions manifest themselves in the radio 
graph as sweeping dark lines, light circular or angular 
areas, mottled or banded areas and as light areas sim 
ilar in shape to shrinkage cracks. They are easily ob 
served and provide excellent indications of gross vari 
ations in chemical content, ‘They are also a constant 
source of perturbation to personnel in the x-ray lab 
oratory. 

The determination of the effect of these anomalies 
on the room and elevated temperature properties of 
HK31A-16, and the subsequent adoption of radio 
graphic standards to establish permissible limits, was 
deemed essential to the use of cast HK31A magnesium 
as a production material 


INVESTIGATION AND TEST RESULTS 


\ power-pack door panel casting, as shown in Fig 
I, is used on an interceptor missile. This casting meas 
ures approximately 2714-in. x 2014-in. The contigura 
tion has walls as thin as 0.22 in. and one mass roughly 
IxIxl14-in. The panel doors are given complete x 
ray inspection, and on this basis several were selected 
for the testing and evaluation reported herein. The 
selection of specimens from the castings required 1 
peated dissecting and x-ray checks to insure selection 
of the exact conditions desired 

Unfortunately, many of the best illustrations of the 
conditions in question occurred where the configura 
tion was such that tensile specimens could not be ob 
tained, The shape and size of the tensile specimen 
selected can be seen in Figs. 2, 3 and 4. For room 
temperature testing the specimen thickness was as nea 
the thickness of the casting as possible, but for the 
elevated temperature testing it was necessary to stand 
ardize on two thicknesses (0.220 and 0.160 in.) to per 
mit a uniform heating rate. Altogether, a total of 39 
specimens was tested, 25 at room temperature and 14 
at 500 F (260 ©) 
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The elevated temperature testing was performed in 
a 10,000 Ib, radiation-type, quick heat test machine, 
by bringing the samples to 500 F in less than 30 sec, 
holding at temperature for 30 sec, and loading to 


Fig. 1 Power pack door panel casting 


cause failure in 3 to 10 sec, or a rate of 4 to 6 ksi per 
sec. The room temperature loading rate averaged 
approximately 6 ksi per sec. The test results, together 
with the condition observed in the gage area, are 
presented in Tables | and 2. Figures 2 and 3 are 
negative prints of radiographs of the specimens tested 
at 500 F. 

Figure 4 is a similar print of selected specimens 
tested at room temperature, Specimens S-3, S-30 (Fig. 
2) and F-3 (Fig. 3), respectively, are examples of the 
spherical type of segregation, the angular type of seg 
regation and the deficiency condition. 

It has been possible using radiographic, spectro 
graphic and metallographic examination to determine 
with fair certainty that a compositional variation is 
responsible for the effects observed. Thorium, being 
radioactive, will expose industrial x-ray film in a pe 
riod of several days. Figure 5 is a positive print of an 
autoradiograph of specimen S14. Figure 6 is a nega 
tive print of an x-ray of the same specimen. The fact 
that segregate particles appear light on the positive 
print of the autoradiograph indicates a higher tho 
rium content. 

















Fig. 2— Negative print of radiograph showing condition present in elevated 
temperature samples and location of failure. Reduced slightly in reproduction. 


castings 





The light appearance of the particles on the nega- 
tive print of the x-ray indicates that the particles are 
more opaque to radiation. This would be expected 
from particles of high thorium content. Similarly, 
the sweeping dark band evident in Figs. 5 and 6 in- 
dicates a low thorium content. 

Five of the tensile specimens were examined by 
emission spectroscopy to compare the chemical com- 
position of the fracture surface with some other area of 
the specimen. The results of composition analysis by 
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emission spectrographic method are given in Table 3. 

The thorium results may vary 0.2 to 0.3 per cent 
from true values, especially on the fracture surfaces. 
The zirconium analysis should be accurate to + 0.05 
per cent where near the mean value of 0.6-0.7 per cent. 
The two high zirconium readings are about twice 
the value of our highest quantitative standard. 

Figure 7 is a photomicrograph of a section of one 
of the smaller spherical segregate particles evident in 
the gage area of specimen S-17, Fig. 4. All observed 


TABLE 1— ROOM TEMPERATURE TEST RESULTS 





Ultimate 
Tensile 
Str., psi 


Condition Present 
in Gage Area 


Offset Yield 


0.2 Per cent Elong. 
Per cent in 


Str., psi Remarks 





30,700 
30,300 
33,700 
29,700 
33,500 
31,400 
30,700 
29,300 
30,400 
$1,077 








Averages 


16,000 
14,600 
16,300 
20,100 


Control specimen 
Control specimen 
Control specimen 
Control specimen 
Control specimen 
Control specimen 
Control specimen 
Control specimen 
Control specimen 





26,900 
26,200 
26,600 
26,300 
26,500 


Heavy segregation 


Averages 


Failed in segregated zone. 
Failed in segregated zone. 
Failed in segregated zone. 
Failed in segregated zone. 





29,000 
28,100 
28,300 


Moderate segregation 
Moderate segregation 
Moderate segregation 
and deficiency 
Light segregation 
Light segregation 
Averages 


30,600 
30,900 
29,380 


Failed in clean zone 
Some segregation at break. 
Failed in segregated zone. 


One segregate particle in break 
Failed in clean zone 


15,400 
14,800 
14,900 





31,000 
29,000 


Th deficiency 

Th deficiency and 
light segregation 
Th deficiency 

Th deficiency 

Th deficiency 

Th deficiency 


29,300 
35,000 
30,900 
34,700 


Averages 31,650 


Failed 4-in. from sharp indication 
Failed in segregation zone | 


14,900 
17,300 


Failed 4-in. from sharp indication 
Failed 14-in. from sharp indication 
Failed 14-in. from sharp indication 
Failed in deficient zone 


14,400 
14,700 
14,100 
16,100 
15,250 





Th deficiency and dross 26,600 


14,600 Failed in dross 





TABLE 2 — 500 F QUICK HEAT TEST RESULTS 





Ultimate 
Tensile 
Str., psi 


Condition Present 
in Gage Area 


0.2 Per cent Flong 
Offset Yield Per cent in 


Str., psi lin Remarks 





23,700 
26,000 
22,100 
20,800 
16,900 
22,300 
23,400 
21,000 
19,500 
20,650 


Clean 

Clean 

Clean 

Heavy segregation 

Heavy segregation 
Medium segregation 
Light segregation 

Light segregation 

Light segregation 

Averages 


18 Control specimen 
10 Control specimen 
12,114 18.4 
12,800 
13,400 

. 


13,100 
. 


See Figs. 2 and 3 for 
13,300 positions of failure 
11,800 
12,700 
12,800 





22,600 
22,100 
18,800 
17,500 
20,250 


Th deficiency 
Th deficiency 
Th deficiency 
rh deficiency 
Averages 


13,200 
12,100 
13,900 

9,600 
12,200 


See Figs. 2 and 3 for 
positions of failure 





22,000 
21,800 


8-9 Mottled type segregation 

L-1 Light stress segregation 
*Curve not suitable to obtain yield strength. 
**Average of eight other specimens of HK3IA tested similarly 


14,400 
13,000 


See Fig. 3 for position of failure 
Specimen failed in bolt hole 
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Fig. 3 — Negative print of radiograph showing condition pres- 
ent in elevated temperature samples and location of failure. 


TABLE 3 — FRACTURE SURFACE CHEMICAL 
COMPOSITION 


rhorium 
Specimen Zirconium 
Surface, %, Fracture, % 





Zirconium 
Specimen 
Surface, % 


Chorium 
Specimen Fracture, %, 





F- 3 (Fig.3) 1.2 
D-11 (Fig 2.0 
S-11 (Fig. 1.7 
8-30 (Fig 3.9 
S-17 (Fig 3.1 


us 
X 


0.43 
0.60 
0.71 
1.25 


1.00 


7 
~ Oo 


r 


rot 


a GI em A 


nm 





particles of this type had a clearly defined periphery, 
and most had a void in the center. Figure 8 at 1000 x 
was taken of the inside of the particle, and shows a 
lamellar eutectic-type structure similar to that re- 
ported by Yamamoto, Klimek and Rostoker.2 The 
ternary system magnesium-thorium-zirconium has been 
examined with nominal zirconium contents of 0.5, 
0.75 and 1.0 per cent, and thorium contents ranging 
from 0.5 to 6.5 per cent. Reference 2 is the report on 
this work. 

A tentative vertical section diagram at constant | 
per cent zirconium has been constructed. This dia- 
gram (Fig. 9) indicates that in solidifying, an alloy 
with 3 per cent thorium would produce only magne- 
sium solid solution. Subsequent cooling to below 
about 1000 F (538 C) would start the precipitation of 
the intermetallic compound Mg, Th. Diffusion in this 
alloy is reported to be quite slow due to the size of the 
thorium atom. It is then probable that as the casting 
cools below the liquidus curve a considerable devia- 
tion from equilibrium exists. 


This deviation or undercooling effect will cause 


the precipitating magnesium solid solution to contain 
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less thorium than indicated. Therefore, the last por 
tion of the liquid will be of such a composition that a 
third phase, zirconium solid solution, will form. The 
zirconium solid solution formed is then consumed in 
a peritectic reaction with the melt, producing magne- 
sium solid solution and the intermetallic compound 
Mg; Th. 

The liquid remaining below the temperature of 
the peritectic reaction will then solidify over a tem- 
perature range to produce a eutectic-type structure 
consisting of magnesium solid solution and Mg, Th. 
The spherical shape of the particles, observed in 
Figs. 2, 3 and 4, their void center, and their eutectic- 
type structure, suggests that they are being formed 
while the casting is partially molten, possibly where 
the metal contains gas pockets. 

Figures 10 and 11 were taken respectively on the 
dark and light sides of the band running roughly pat 
allel to the length of sample S-15, Fig. 2. A sharp dif- 
ference was noticed in the rate of etching of the grain 
boundaries in the respective areas. Figure 11, taken on 
the side of high thorium content, has clearly defined 
fine grains indicating normal precipitation at the 
grain boundaries. The fine grained structure can be 
attributed to a normal concentration of zirconium, 
which is added as a grain refiner. 

Figure 10, taken only 0.062 in. (center to center) 
from Fig. 11, is on the side of the band with lower 
thorium content. The grain boundaries are not as 
readily etched, and the grains are considerably coarser, 
which would tend to confirm the suspected lack of 
thorium and zirconium. 

The x-ray of specimen S-9 (Fig. 3) reveals what 








Fig. 4— (Above) Negative print of 
radiograph showing condition present in 
room temperature samples and location 
of failure. Reduced slightly in reproduc- 
tion. 


Fig. 5— (Left) Positive print of an 
autoradiograph of specimen S1-4. 1.7 X. 


Fig. 6 — (Right) Negative print of 
radiograph of specimen S1-4. 1.7 
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Fig. 7 — Spherical particle observed in specimen S-17. Unetched. 50 X. 


might be termed a mottled or banded appearance. 
Figure 12 is a photomicrograph of this area, showing 
grains which contain clusters of precipitated particles. 
Chis greater than normal amount of precipitate results 
in the mottled appearance of the x-ray. Similiar ra- 
diographic indications have been observed in EZ 33 
castings (chemical composition: rare earth-2.5-4.0, Zn- 
2.0-3.1, Zr-0.5-1.0, remainder Mg). These indications 


, ? 
rc -f » * t, 
#>@ 
Fig. 8 
Ethylene glycol 75 ml, distilled water 
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were associated with microshrinkage being fed by 
near eutectic material. However, precipitation with- 
in the grains was not noted.3 

Figure 13 is a photomicrograph of one of the angu- 
lar indications of specimen S-30, Fig. 2. This type de- 
fect meanders through the metal in a pattern that 
might be expected of dross inclusions. The defects are 
lined with material of eutectic-type structure, although 


at’ 4 a . 
SS 


? 


Lammellar eutectic-type structure observed in spherical particle shown in Fig. 
24 ml, concentrated HNOs 


1 ml, etch. 1000 








the clearly defined lamellar eutectic-type structure of 

ts : / - = ; } — © THERMAL ANALYSIS 

Fig. 8 could not be seen. Figure 14 is a photomicro- 6 Gineeetn. Cen etnies 
graph at 1500 diameters of one region of this defect. 4 LINEAL ANALYSIS 

These defects are similar to the spherical type in that 
they have a void region in the center. 


DISCUSSION AND CONCLUSIONS 


An examination of Table 1 indicates that the de- 
ficiency condition does not affect the room tempera- 


L + Mg,Th 


TEMPERATURE, *C 


ture mechanical properties of the material. It will be ae oe 
: me \ ae 

noted that the room temperature specimens of Fig. 4 L420 +uggte 

did not fail in regions of deficiency. Conversely, test- , om 

ing at 500F shows that the deficiency condition 

definitely promotes failure. This can also be observed 

from the location of the applicable fractures in Figs. ug +u9,7 

2 and 3. The values of Table 2 show that this condi- n n 4 n 
30 40 so 60 

THORIUM CONTENT 


tion reduces average ultimate tensile strength by 
Fig. 9 — Tentative vertical section of the 


about 8 per cent, and the per cent elongation by ; 
~ ’ magnesium-thorium-zirconium ternary at 1 
about 24 per cent. per cent Zr. From WADC TR-411, ref. 2 


L+Mg+mg,Th 
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Fig. 10 Grain size observed on the dark side of the band appearing in specimen S-15, 
Fig. 2. Ethylene glycol 75 ml, distilled water 24 ml, concentrated HNO, 1 ml, etch. 100 
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Fig. 11— Grain size observed 0.062 in. from Fig. 10 (horizontal center line 
distance), or on the light side of the band of specimen S-15, Fig. 2. Ethylene 
glycol 75 ml, distilled water 24 ml, concentrated HNO , 1 ml, etch. 100 ~*. 
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Fig. 12 Photomicrograph of mottled area of specimen S-9, Fig. 3. Ethylene 
glycol 75 ml, distilled water 24 ml, concentrated HNO: 1 ml, etch. 250 


2 
Fig. 13 Gross imperfection that caused one of the angular indica- 
tions appearing in specimen S-30, Fig. 2. Ethylene glycol 75 ml, 
distilled water 24 ml, concentrated HNOs 1 ml, etch. 75 


Fig. 14 — Structure observed in region of angular type indica 
tion appearing in specimen S-30, Fig. 2. Unetched. 1500 
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This reduction would be expected considering that 
thorium is added to impart high temperature strength. 
Che coarse grain size observed in association with de- 
ficient regions is believed to be significant in contrib- 
uting to the loss of ductility and ultimate strength. 

The condition of spherical and angular segregation 
has the effect of reducing ultimate tensile strength and 
per cent elongation at both room and elevated tem- 
perature. Room temperature testing of specimens with 
heavy segregation showed an average loss in ultimate 
tensile strength of 15 per cent, and a loss in per cent 
elongation of 37 per cent. The average 500 F ulti- 
mate tensile strength and per cent elongation values 
of all specimens with spherical and angular type seg- 
regation were found to be 7 and 58 per cent, respec- 
tively, lower than observed in the normal samples. 

Although only two specimens containing the angu- 
lar appearing segregation were tested, their perform- 
ance and the nature of the defect indicates that they 
are more detrimental than the spherical type. Neither 
segregation nor deficiency had any significant effect 
on the 0.2 per cent offset yield strength, or the pro- 
portional limit of the material at room or elevated 
temperature. 

All of the specimens tested met the mechanical 
property requirements of Federal Specification QQ-M- 
56a for specimens cut from the casting. The authors’ 
company has, however, found it necessary to design 
castings on the basis of higher mechanical properties. 
Certain critically stressed regions of the casting, shown 
in Fig. 1, are required to have the following room 
temperature mechanical properties: 27,000 psi mini 
mum ultimate tensile strength, 13,000 psi minimum 
yield strength at 0.2 per cent offset, and 4 per cent 
minimum elongation. 

These regions are expected to have properties of 
19,000 psi minimum ultimate tensile strength and 10,- 
700 psi minimum yield strength when tested at 500 F. 
In order to be relatively certain that these castings will 
perform to expectation, it was deemed necessary to 
add an additional inspection requirement to the al 
ready thorough inspection procedure. 

This requirement is that regions of castings that 
are delineated as being critically stressed may not ex 
hibit segregation or deficiency in excess of that illus 
trated in the three x-ray standard film blocks, shown 
in Fig. 15. Although these standards do not cover all 
eventualities, they are a step in the right direction, 
and they will be used by the authors’ company until 
replaced or supplemented. 

The trend in casting design for missile applications 
is becoming exceedingly clear. The extensive use ol 
castings for missile structure application will depend 
on the casting industry progressing to where it can of 
fer the missile designer the following advantages: 


1) Guaranteed strength and ductility in the casting 
Separately cast test bar values will not be accept 
able. 

The maximum in consistency and _ reliability 
throughout the parts of any lot, and between all 
lots of any part. Castings to be competitive cannot 
be penalized by any casting factor. Accurate an 


alysis of heats is an absolute necessity 





Negative print of x-ray standard radiograph 


Fig. 15 
for use in critically stressed regions of cast thorium 
magnesium 


3) Strength and ductility equal to that obtained in 
wrought products. Castings will have to be de 
signed on the basis of the ultimate in’ wrought 
properties. 

1) Increased dimensional accuracy permitting — the 
maximum use of as-cast surfaces 

5) Specifically formulated casting alloys to compet 


with the wrought superalloys 


The airframe industry is usually limited to investi 
gations of the type represented by this discussion 
Phe foundry, because of its nature, must perform the 
basic research and development needed to elimi 
nate the various causes of detects, and provide the 


missile industry with sound, strong, reliable castings 
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GRAY IRON PERMANENT MOLDING 


By H. U. McClelland 


ABSTRACT 


Although the tonnage of gray iron castings produced 
in metal molds is relatively small when compared to 
the tonnage produced by all casting methods, it is felt 
by the author’s company and others producing quality 
castings by this method that their contribution to the 
users of castings is important. 

The purpose of this paper is to present a short his- 
tory of the origin and development of gray iron perma- 
nent molding, a description of the process and the 
methods used in the design and fabrication of the 
molds. The metallurgy and dimensional tolerances of 
the castings produced by the process will be discussed 
as well as the scope of the process and its advantages 
and disadvantages. It is hoped that the paper will give 
the producers of castings by other methods a better 
understanding of the procedures used, and that the 
users of gray iron castings will be given a picture that 
may help in their purchasing decisions for product ap- 
plications that can be served by this process. 


INTRODUCTION 


Although the use of permanent molds in the cast- 
ing of metals is centuries old, the first successful 
method for molding gray iron castings in production 
quantities is that which will be discussed here. The 
process is approximately 35 years old, having been 
conceived and developed by a manufacturer of auto- 
motive carburetors who was having difficulty pro- 
curing gray iron castings, free of porosity, and who, 
though having no foundry experience or facility, de- 
cided to enter this entirely new field. As in most 
ventures of this nature, there were many disappoint- 
ments and failures, and several times during the early 
development the project was almost abandoned. 

The key to ultimate success was the formulation 
of an adequate mold coating which permitted molten 
metal to be poured into metal molds of similar 
analysis without fusing. The facility was operated as a 
captive foundry for several years, casting carburetor 
components exclusively and manufacturing permanent 
mold machines for sale. The decision was then made 
to enter the commercial casting field and discontinue 
the sale of machines domestically. In 1932, the au- 
thor’s company acquired ownership of plant and pat- 
ents, and has continued to expand and develop 
the process. Several installations are in operation un- 
der license in the United Kingdom and continental 
European countries. 


H. U. MeCLELLAND is with the Eaton Mfg. Co., Foundry Div., 
Vassar, Mich. 
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In the United States, at the present time, there are 
three other foundries producing gray iron castings by 
this method and in the size range of those produced 
by the author's company; two are captive, one com 
mercial. 

The method to be described is unique and differ- 
ent from other means of producing gray iron castings 
only in respect to the molding material used, the 
manner in which the molds are conveyed, the pro- 
ducts used in the manufacture of the molds and 
the preparation of the molds for pouring. After 
the mold is poured and the casting removed, subse- 
quent operations required to prepare the part for 
shipment and ultimate use are similar to those in 
herent to all foundries. 


Mold Transport Technique 

Present day production foundries, with few excep- 
tions, use various handling devices and techniques 
to transport molds through the making and pouring 
cycle. In the permanent mold process, the conveyor 
used is a turntable type of machine which carries the 
mold through the following cycle: 


1) Mold preparation where a thin coating of carbon 
is deposited on face. 

2) Core setting (if cores are required). 

3) Pouring. 


4) Ejection or shake-out of the casting. 


This machine, approximately 14 ft in diameter, 
consists of a hub from which project 12 hollow arms 
to which are attached the outer or stationary heads 
used to support one-half of the mold. The inner or 
movable heads are actuated by air cylinders whose 
movement is controlled by cam-operated valves. Both 
heads have air passages through which approximately 
500 cfm is drawn across the back of each half mold for 
the purpose of cooling. This air passes from the heads, 
through the hollow radial arms to an exhaust stack. 
The speed of rotation is controlled by an infinitely 
variable speed reducer which guarantees a constant 
cycle speed, determined by the solidification rate of 
the castings being produced. 

All operations are performed while the machine is 
in motion. It is extremely important that the con- 
tinuity of operation be maintained at all times with 
a minimum of interruptions for any reason, Quality 
and uniformity of product depend greatly on this 
continuity. The advantages gained, volume-wise, are 
quite obvious. Shut downs of short duration for mold 
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cleaning or alignment and minor mold repairs are 
necessary and permissible, but are rigidly controlled. 

The metal mold consists of two shallow open 
boxes, the closed sides containing the casting cavities 
and the gating system, the narrow sides forming air 
chambers in which are integrally cast cooling pins 
and/or fins to assist in the dissipation of heat from 
the mold. The metal used to cast these mold halves 
has essentially the same analysis as that of the castings 
produced by them, which means that worn-out molds 
can be remelted as regular returns, Other metals and 
ferrous alloys have been tried, but this is the analysis 
that the author’s company has found to give the 
longest life and best operating conditions. Castings 
for the mold halves are cast by conventional means, 
either in oil sand or green sand. 

The CO, process has also been used in making cer- 
tain types of mold castings, and has been found to 
have definite advantages. When the contour of the 
casting to be produced is complicated, and it is dif- 
ficult and costly to form the mold cavities by ma- 
chining, it has been found economically sound to 
purchase mold castings from a producer of precision 
castings. A minimum of machining is then neces- 
sary, and any number of exact duplicates can be 
made. These molds will be as dimensionally accurate 
as the pattern from which they are made. 


Mold and Casting Drawings 

Before the mold is designed and fabricated, a cast- 
ing drawing of the part to be produced is submitted 
to the customer for approval of any minor changes 
which are considered desirable from a foundry stand- 
point, and which will not be detrimental to processing 
or ultimate function of the casting. It is often pos- 
sible to recommend design changes which reduce 
weight, increase strength or eliminate processing oper- 
ations, thereby reducing costs and assisting the cus- 
tomer in the engineering of his casting. Complete 
mold drawings are made after receipt of customer 
approval of the casting drawing. Since all molds are 
standard in size, with a maximum face area of 16x20 
in., placement of cavities to secure the maximum po- 
tential is most important. 

Ordinarily center sprues are used, but where size 
or weight does not allow multiple cavities offset 
sprues are employed. Various gating systems are used, 
the determination of the type employed is largely 
dependent on past practice, type and size of casting 
and placement of cavities. In multiple-cavity molds 
the risers of the lower cavities serve as gates of those 
above. The standard gate is 0.065 in. deep with the 
width variable, but in certain applications gates as 
small as 0.025 in. in depth have been successful. 
The gate size, the size and shape of sprue and run 
ners are important in the elimination of slag and 


impurities in the casting cavities and the control of 


pouring time. 

As in all casting processes, pouring time is one of 
the most important elements in the casting process, 
and in permanent molding this function of the gat 
ing system is most significant. Inasmuch as a metal 
mold has no permeability, and in this process all 
molds are poured in a vertical position, time must be 
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allowed to exhaust the air contained in the cavities 
through the risers which act as vents. Where gases 
or air is entrapped means must be provided for re 
moval. This is accomplished by the insertion, where 
necessary, of small round plugs from which segments 
0.015 in. deep have been removed. 

This size opening allows air or gas to escape, but 
restricts the entrance of metal. Since the unique prop 
erties of the castings produced by this process are 
dependent on rapid solidification, anything that can 
be done to expedite quick freezing is desirable. To 
achieve optimum results, special consideration is given 
to the metal thickness and contour of the model back 
ing, the placement of cooling pins and fins to assist 
in the rapid dissipation of heat from the mold dur 
ing its cycle. The thickness of the mold backing varies 
between 0.50 in. and. 1.25 in. depending on the shape, 
size and mass of the casting to be produced. 


Core Prints 

Where the use of cores is necessary, core prints must 
be designed not only for accurate location but for 
suspension in the vertical mold prior to closing. Both 
oil sand and shell cores are used, the choice depend 
ing on economics, the requirements of the casting in 
dimensional accuracy, complexity of the cavity to be 
formed in the casting and availability of equipment 
In many instances, although the initial cost of shell 
cores may be greater than that of cores made from 
oil sand, it has been found that net cost reductions 
either in the casting itself, or in the ultimate part 
made from the casting, can be realized. 

In other cases, complexity or fragility is such that 
it is impossible to produce the core by any other 
method, Considerable savings are also possible in 
the maintenance and repair of core boxes. Shell 
cores, being hollow, also expedite the removal of core 
gases and assist in a more rapid solidification of the 
metal in the cored areas, especially desirable in this 
process. 

At the author's company, iron of but one type is 
produced with an analysis of 1.C.—3.45-3.65; Si—2.45 
2.65; Mn—0.70-0.90; S—0.10 max.; P—0.25 max. This is 
the analysis that produces castings with the . sired 
physical properties of strength, hardness and ma 
chineability with the lowest scrap and highest yield 
Since all castings produced by this process are an 
nealed to eliminate all chilled area induced by cast 
ing in a metal mold, the resulting microstructure 
consists of ferrite and finely dispersed eutectiform 
graphite, with faint traces of pearlite sometimes pres 
ent. This metal is sensitive to section size, although 
not to the degree found in other casting methods, and 
so may contain some fine flake graphite in heavy 
sections, 

The Bhn range is 170-207 and tensile strength 
30,000 psi and up, depending on section size, The 
material is amenable to hardening, either by the in 
duction heating method or the more conventional oil 
or water quench and draw process. Hardness of R 
50-55 can be readily obtained with tensile strengths 
in excess of 50,000 ps! 

Tolerances and machining finishes in any casting 


are always of great interest and importance, and in 
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these days of automated machining and intense pro- 
grams of cost reduction, these two characteristics as- 
sume even greater significance. Although each cast- 
ing must be considered individually, the usual toler- 
ance maintained on exterior dimension is +0.025 in. 
This degree of tolerance is necessary on dimensions 
across the parting line due to some mold spread which 
occurs during the solidification process. However, on 
small castings of comparatively thin section, toler- 
ances of +0.015 can be guaranteed. 

Locating points and chucking surfaces can be main- 
tained consistently uniform from casting to casting as 
rigid mold walls produce constant dimension re- 
petitively. Insofar as finish allowances are concerned, 
customers require different allowances ranging from 
zero finish to a maximum of 0,090 in., depending on 
size, warping tendencies of the casting, method of 
machining and, of course, ultimate use of the cast- 
ing. It is safe to say that the average finish allow- 
ance is 0.060 in. to 0.070 in., with grinding finishes as 
low as 0.025 in. possible on small flat parts such as 
refrigeration valve plates. 


Maximum Face Dimensions 

Inasmuch as the standard production mold has 
maximum face dimensions of 20x16 in., it is obvious 
that the size of casting that can be produced is lim- 
ited to that which can be contained in this face area. 
Casting weights range from a few ounces to 25 Ib, 
the latter being exceeded when contour or section 
thickness of the casting permit practical use of the 
process. Section sizes range from a minimum of 0.190 
in. to a maximum of 2 in. Straight parting lines are 
desirable from a mold cast standpoint, but are not 
absolutely necessary. 

Small radii tend to decrease mold life while de- 
creasing casting strength by abrupt section change. 
Castings should have a minimum of three degrees 
draft and, wherever possible, small pockets or deep 
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cavities should be eliminated to increase mold life 
and maintain uniformity of casting contours. 

All casting processes have disadvantages as well as 
advantages, but the users of the method being dis- 
cussed feel that the latter definitely outweigh the 
former, Obviously the greatest disadvantage is the size 
limitation imposed by mold dimensions. Equipment 
to increase the scope of the process is being develop- 
ed at the present time. Since one type of metal is 
normally used, it follows that certain castings can- 
not be produced due to analysis and physical prop- 
erty specifications. 


Casting Users 

Other castings whose complexity of contour or pro- 
duction volume do not permit practical mold life or 
the initial mold cost are also eliminated. However, 
there is a large field whose requirements can be more 
than adequately met by the process. Permanent mold- 
ing has been proved especially advantageous to those 
users of relatively small castings, who demand a dense 
tight metal without porosity which is easily machined. 
These users include the automotive industry as well 
as refrigeration, air conditioning, washing machines, 
miscellaneous appliances, vee-belt sheaves and hydrau- 
lic applications. 

These users require uniformity of dimension, tol- 
erances and quality as well as a competitive cost. 
Their acceptance, and continued use of castings made 
by the process, speaks eloquently of the scope and 
advantages of the process. Today, the author's com- 
pany is producing 1200 different permanent mold 
castings in gray iron for more than 100 customers. 

Let it be said in summation, that the producers of 
castings by the permanent mold process are proud of 
their past achievements, and look forward to the fu- 
ture with confidence that they will continue to sup- 
ply quality castings at a competitive price to casting 
users everywhere. 





GREEN TENSILE AND SHEAR STRENGTHS 
OF MOLDING SANDS 


By R. W. Heine, E. H. King and J. S. Schumacher 


ABSTRACT 


When a pattern is drawn or a mold is handled, shear 
and tensile forces are exerted on the molding sand. 
Compressive forces may be applied to the sand by mold 
weights, closing over onto cores, the weight of the cast- 
ing itself and, of course, by squeezing in molding. How- 
ever, if the mold cracks during pattern drawing, mold- 
ing or handling, it is commonly due to failure of the 
sand in tension or shear. 

Knowledge of the tensile and shear strengths of 
molding sands, and principles controlling these prop- 
erties, is therefore necessary to the best utilization of 
green sand. The principles relating to tensile and shear 
properties, their relation to other green sand properties 
and their connection with molding problems are dis- 
cussed. 


MOISTURE PER CENT EFFECT 


The moisture content of a particular green sand 
mixture largely controls its green shear and tensile 
strengths. To illustrate, consider the data in Table 
1. The sand mixture reported in Table | is com- 
posed of 8.0 per cent southern bentonite and 92 per 
cent sand (85 AFS). Sand batches weighing 4500 
grams were mixed 10 min in a vertical wheel muller 
to produce the data listed in Table 1, and plotted 
in Fig. 1. Tensile tests were performed with a green 
tensile testing machine modified to extend its range 
to higher strength levels. Figure 1 shows that green 
tensile and shear strengths decrease as moisture con- 
tent increases. 

Decreasing tensile and shear strength occurs be- 
yond that moisture content which is required for 
coating the sand grains and clay. If the moisture 
content is much below that required for coating the 
sand and clay, the tensile and shear properties de- 
crease and are erratic, and the sand is too dry and 
brittle for molding. Moisture contents beyond the 
highest given in Table 1, 4.4 per cent, were consid- 
ered too wet for molding this mixture and were 
therefore not studied. 

According to principles of mechanics, green tensile 
and green shear strengths should be related to each 
other. Thus, the data in Table | and Fig. 1 may be 
replotted, as in Fig. 2, to show this relationship. Fig- 
ure 2 shows that throughout the range of usable 
moisture contents, the two properties are related, 
both decreasing with increasing moisture content. 


R. W. HEINE is Assoc. Prof., University of Wisconsin, Madison; 
E. H. KING is Pres., and J. S. SCHUMACHER is Chief Engr., The 
Hill & Griffith Co., Cincinnati, Ohio. 


Thus, it might be inferred that testing for green 
shear strength of a molding sand will adequately re 
flect the tensile strength (and moisture content) of 
the sand. However, later it will be shown that other 


TABLE 1 — EFFECT OF MOISTURE ON GREEN 
SHEAR AND TENSILE STRENGTH* 


Tensile 
Moisture, Spec 
Mixture VJ 





Green Tensile Green Shear 
W1t., gm Str., psi Str., psi 





1. 8% S. bent. 2.7 154 3.8 5.1 
92%, sand, 32 149.5 3.5 6.3 
85 AFS 5.6 148 3.1 5.5 

148 2.8 5.2 


150.5 2.5 15 





8% S. bent 26 156 $.1 5.2 
92°, sand, 3.0 150.5 3.8 6.5 
85 AFS 3.4 149 3.1 5.6 

1.0 148.5 2.5 1.9 
1.4 151 2.4 1.5 


*Standard AFS specimen 
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Fig. 1— Moisture content effect on green tensile and 

shear strength of a sand bonded with 8.0 per cent south- 

ern bentonite. Data of Table 1. 
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factors can prevent this simple relation from being 
true. 

Other sand mixtures show a relationship of green 
tensile and shear strength to moisture content simi- 
lar to that in Figs. | and 2 for a specific southern 
bentonite sand mixture. Thus, the effect of moisture 
is to control the shear strength of the plastic mixture 
of clay and water in the aggregate which, in turn, 
largely determines the other green properties such 
as tensile and compressive strengths and mold hard- 
ness. 


RAMMING EFFECT 


The ramming effect on green tensile and shear 
strength was studied for mixtures of various clay 
contents and clay types. Variation in ramming was 
achieved through the use of AFS rammers equipped 
with two different ramming weights, 14 lb and 2 lb, 
dropped a distance of 2.0 in. Density of the 2.0 in. 
x 2.0 in. diameter specimen was varied from a lower 
to a higher value by varying the specimen weight 
and number of rams with each weight. Table 2 re- 
ports the green properties of mixtures of 8 per cent 
western bentonite, 92 per cent sand mixtures at 3.3 
to 3.8 per cent H,O, mixtures 3-8. Table 2 also lists 
8 per cent western bentonite mixtures containing 
cellulose additives, mixtures 9 and 10. Three dif- 
ferent western bentonites were used in the mixtures, 
as listed in Table 2. 

The relationships of the properties are shown in 
Figs. 3 and 4. Figure 3 reveals that both green ten- 
sile and green compressive strengths are proportional 
to green shear strength up to a value of about 6 
psi green shear strength. Figure 4 shows that green 
compressive strength and bulk density are related 
to average mold hardness. Obviously green shear 
strength is also related to mold hardness, although 
this has not been plotted. Referring to Fig. 3, in- 
creased ramming causes green tensile strength to 
reach a maximum of between 3 and 4 psi. 

Above this level, increased ramming causes erratic 
green tensile strength to develop as the shear strength 
increases beyond 6 psi. Thus, green shear strength, 
green compression strength and mold hardness may 
continue to increase with more ramming after tensile 
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GREEN SHEAR STRENGTH— PSI 

Fig. 2— Relationship of green tensile strength to 
green shear strength of 8.0 per cent southern bentonite 
bonded sand at 2.60 to 4.40 per cent H»O. Data of 
Table 1. 
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strength reaches a maximum of about 3 to 4 psi 
in the 8 per cent western bentonite mixtures. 

The reason for the erratic values of both green 
tensile and green compression strengths above 6 psi 
green shear strength in the 8 per cent western ben- 
tonite mixture is associated with the density achieved 
during ramming. Below 6 psi shear strength, increas- 
ing ramming to 3 standard rams is accompanied by 
shear strength of the clay-water bond, the expression 
of voids, compaction of the sand and greater effective 
contact area of the clay-water bond within the speci- 
men. Above 6 psi green shear strength (or 154 gram 
weight and 3 standard rams in this case), fitting to- 
gether of sand particles and particle to particle con- 
tact occurs. 


TABLE 2— GREEN PROPERTIES OF 8°/, WESTERN 
BENTONITE MIXTURES 





_ Mold 
Mixture Spec. Wt. No. Green Strength, psi pyard. 


and Symbol grams Rams* Comp. Tens. Shear ness** 


3-0 8% W. bent. 148 2 15 2.65 88 
92% -85AFS 154 186 3.50 5.6 90 
sand, 161 $25 4.3 . 94 
3.3% HyO 164 36.5 4.3 f 94.5 

167 41.0 4.1 9. 95.5 


4-@ 8% W. bent., 142.5 11.1 1.9 3. 83 
92% -85AFS 147.5 15.9 2.65 ; 87.5 
sand, 153.5 : 164 2.80 5. 89.0 
3.8%, H,O 160.5 30.0 3.50 : 93.5 

164.5 32.0 3.70 ; 94.5 
167.5 ‘ 35.0 3.60 : 95.0 














5-A BY low gel 
(21 sec) 138 8.8 7 3. 80 
W. bent., 148 12.2 2.3 4: 86 
92.0% -85AFS 154 : 16.5 
sand, 162 27 
3.5% HyO 167 32.5 
170 : 35.8 





6-A 8%, high gel 
(30 sec) 138 9.5 
W. bent., 148 14.1 
92.0%, -85AFS 154 : 18 
sand, 162 28.8 
3.5% HO 167 35.5 
170 10.5 
7-0 8.0% W. bent. 142 8.6 
92% -49AFS 
Wedron 151. 
silica sand 156.! 
3.40%, H»O 164: 
168.! 
8-@ 8% W. bent. 139 
92% -91AFS 
Portage 147.! 
silica sand 153 
3.40%, H,O 161 
166 95 
9-x 8% W. bent. 139 2.4 86.5 
91% -85AFS sand 147 2 3.1 90 
1.0% -carbonized 
cellulose 153 : 3.6! x. 92 
3.40% HO 161 5 5.5! ! 95.5 
165 46.5 § 96 
10-+ 8% W. bent. 141 a. P $3 81.5 
91°%,-85AFS sand 147 2 S. A, 4. 87 
1.0%, wood flour 153 : 90 3. §.1 90 
3.9% H,O 161 6 2 3. f 93 
168 13 3¢ 3. ‘ 95 





ww 
* 


14.0 
18.4 


25.5 


ho 3 wo PO 





rh 
nN 
* 


88 
93 


Ct @ Se PO 





rh 
nN 
* 





*No. rams marked with asterisk refer to 2.0 Ib-2.0 in. rams, 
others refer to standard 14 |b-2.0 in. ram. 
**Ave. of 6 readings, 3 top and 3 bottom. 








Particle packing with increased ramming is accom- 
panied by a rise in green compressive strength, but 
no rise in green tensile strength at the 8 per cent 
clay level in these mixtures. The rise in green com- 
pressive strength is due to particle friction on shear 
planes. The lack of further rise in green tensile 
strength is due to the fact that maximum contact 
area of clay-water bond has occurred when the 6 psi 
shear strength value is reached, and further ram- 
ming or density increase is unable to develop more 
contact area. The ability to develop more contact 
area for shear strength hinges on the clay content of 
the sand. 

With less clay, the shear strength for maximum 
tensile strength will be lower, and with higher clay 
contents a higher shear strength and tensile strength 
will be reached. This principle is demonstrated in 10 
to 12 per cent western bentonite and 6 per cent west- 
ern bentonite mixtures listed in Tables 3 and 4, re- 
spectively. 

The data for 10 and 12 per cent western bentonite 
mixtures are shown in Figs. 5 and 6, Figures 5 and 6 
show that green tensile strength increases uniformly 
as the shear strength increases due to ramming to 
higher bulk densities and mold hardness. At the 10 
to 12 per cent western bentonite level, tensile strength 
does not level off at a fixed value as in the case 
of the 8 per cent western bentonite, even when ram- 
med to average mold hardness of 95. The higher clay 
content mixtures are regarded as _ clay-saturated 
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Fig. 3 — Relationship of green tensile and compressive 


strength to green shear strength in a sand bonded with 
8 per cent western bentonite. Data of Table 2. 
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Fig. 4— Relationship of green compressive strength 


and bulk density to mold hardness of sands, listed in 
Table 2 and Fig. 3. 


sands, i.e., sands in which the addition of more clay 
does not produce a further increase in strength at a 
given hardness. This concept has been defined and 
demonstrated. 2 


TABLE 3— GREEN PROPERTIES OF 10 AND 12%, 
WESTERN BENTONITE MIXTURES 





Mold 
Mixture Green Strength PS! Hard 


and Symbol 


12-0 141.5 23 10.7 2.0 1.2 R2 
9” 
5 


Spec Wt No 
grams Rams* Comp. Tens. Shear ness** 


12%, W. bent 149.5 14.4 2.4 51 i) 
887, 68AFS Silicon 155.5 18.5 29 62 ata! 
sand 163.6 6 30 1.2 87 
4.8%, H,O 168 x 33.5 1.8 9.9 

172 . 39 54 10.2 
—_ 131 Kb $.2 78 
12%, W. bent : 11.5 : 1.0 RS 
88% -B5AFS c : 14.1 ‘ 19 KH 
sand : 2.1 6.0 RH 
4.5% H,.O : 26.0 ‘ 7.2 0 
31.5 10.1 Qs 
10.5 8 11.0 94 
14-A : 13.0 2 1.5 RS! 
10% W. bent 15.1 2.4 5.3 RO 
90% -85AFS sand 5! : 19.5 3.1 6.4 RY 
4.1%, H,O0 ‘ 34 1.8 94 93.5 
38.5 5.0 97 94.5 
5.3 5.3 10.7 ND 





*Rams marked with asterisk refers to number of rams with a 
2.0 lb weight dropped 2.0 in.; Other refer to standard 14-1b 
ram. 

**Ave. of 3 readings on top and 3 readings on bottom 
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TABLE 4— GREEN PROPERTIES OF 6°, WESTERN 
BENTONITE MIXTURES 





: : _ Mold 
Mixture Green Strength, psi Hard 


and Symbol 


Spec. Wt., No. 
grams Rams* Comp. Tens. Shear ness** 








15- x 148 16.5 28 47 875 
6.0%, W. bent 154 184 28 60 91 
94.0% 85AFS sand 165 36 29 95 95 
2.60% HO 167 38 265 10.5 95: 
170 41 235 11.5 95:! 


16-0 6.0% W. bent 145 11.8 265 3.5 
94.0% 85AFS sand 155 13.8 2.3 4.1 
2.90%, H,O 165 26.6 2.6 738 

160 4 28.6 2.6 8.7 

17-@ 6.0% W. bent. 156 : 11.5 185 3.2 
94.0% 85AFS sand 161 j 15.4 2.2 4.0 
3.50%, H,O 166 ( 17.3 2.3 4.6 


18-A 6.0% W. bent. 
94.0% 85AFS sand 1! : 11.0 
3.8%, H,O 
19-A 6.0% W. bent. 157.5 3 9.5 £ 85.5 
94.0%, B5AFS sand 167.5 10 15.2 2.1 3. 91 
1.1%, H,O 171 15 18.5 2.1 4:! 92 











185 3. 86.! 





*Rams marked with asterisk refer to the number of 2.0 Ib-2.0 in. 
rams; others refer to the standard 14 Ib-2.0 in. rams. 

**Ave, of 3 readings on top and 3 readings on bottom of speci 
men, 





The relationship between maximum green com- 


pressive strength and average mold hardness in clay- 
saturated sands has been proved.? This relationship 
of maximum green compressive strength to mold 
hardness is satisfied in the 10 and 12 per cent western 
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Fig. 5 Relationship of green tensile and compressive 
strength to green shear in sand bonded with 10 to 12 
per cent western bentonite. Data of Table 3. 
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bentonite mixtures in Fig. 6 (lower curve), but not 
in the 8 per cent western bentonite mixture of Fig. 4 
(lower curve). 

Since the higher clay content sands are clay-satur- 
ated, it is possible to achieve maximum contact area 
for shear strength within the mass and, therefore, 
higher tensile strength is obtained at the higher den- 
sities. The effect of higher clay content in clay-satur- 
ated sands then is to permit the sand to be rammed 
to higher tensile and shear strengths and mold hard- 
ness. 

A comparison of lower clay content sands with 
those of higher clay contents can be made with the 
data in Table 4 for 6 per cent western bentonite mix- 
tures. These data are plotted in Figs. 7 and 8. Figure 
7 shows that tensile strength is proportional to shear 
strength, but reaches a maximum at about 4.5 to 
5.0 psi shear strength or below, and then levels off. 
In Fig. 7, a solid line curve is reproduced from Fig. £ 
for 8 per cent western bentonite mixtures, Compari- 
son of the data on Fig. 7 show that at low shear 
strength, tensile strength for the two different clay 
levels is virtually the same. 

However, as green shear strength increases with in- 
creasing ramming, the tensile strength levels off at 
between 2.0 and 3.2 psi tensile strength beyond 4.5 
psi shear strength for the 6 per cent western ben- 
tonite mixture. At 8 per cent western bentonite, ten- 
sile strength levels off at 3.0 to 5.3 psi beyond 6 psi 
shear strength. In mixtures containing 10 to 12 per 
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Fig. 6 — Relationship of green compressive strength 
and bulk density to mold hardness of sands, listed in 
Table 3 and Fig. 5. 
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GREEN SHEAR STRENGTH — PSI 
Fig. 7 — Relationship of green tensile and green com- 
pressive strength to green shear strength of sands 


bonded with 6.0 per cent western bentonite. Data of 
Table 4. 


cent western bentonite, tensile strength does not level 
off even at 5.8 psi tensile strength and 11.0 psi shear 
strength, the limit of these tests. Further, it may be 
noted in Fig. 7, that tensile strength of the 6 per 
cent western bentonite mixtures actually falls off be- 
yond 6 psi shear strength with increasing ramming. 

This effect is due to elastic rebound, caused by 
ramming when particle packing and particle contact 
begins within the specimen. In fact, some test speci- 
mens rammed to high density will actually fail in 
tension during ramming. Elastic rebound causes the 
specimen to fracture during the ramming operation, 
and it is not possible then to get a tensile strength 
test result. Thus, the effect of ramming cannot be 
considered independently of the clay content of the 
sand. 


CLAY TYPE EFFECT 


Southern bentonite and fire clay bonded sands 
were studied in the same way. Table 5 reports data 
for several mixtures containing 8 per cent southern 
bentonite, alone and with additives. The data in Ta- 
ble 5 are plotted in Figs. 9 and 10. Figure 9 shows 
the same relationship reported earlier for 8 per cent 
western bentonite mixtures, Fig, 3. Since the rela- 
tionships of green shear, tensile and compression 
strengths, mold hardness and bulk density are the 
same as those reported for western bentonite earlier, 
the conclusions are the same and will not be repeated. 
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Fig. 8 Relationship of green compressive strength 


and bulk density to mold hardness of sands, listed in 


Table 4 and Fig. 7. 


Some 10 and 12 per cent southern bentonite mix 
tures with 85 AFS sand were also tested. The points 
of data relating green shear strength with tensile and 
compressive strength are plotted in Fig. 11, and com 


TABLE 5 — GREEN PROPERTIES OF 8°/, SOUTHERN 
BENTONITE MIXTURES 


Green Strength psi Hard 





Mixture Spec. Wt No 


and Symbol grams Rams* Comp. Tens. Shear ness** 


8°, S. bent 135 10.1 1s $5 
92°, 85 AFS sand 1149.5 3 , $6 6.3 
8 2% HO 160 as 54 et 
21-4 142 2 1.9 
8.0°% S. bent 155 3 94 
92% 85 AFS sand 165 F $3 
1.60% H,O 
23-o. 136 7 
8.09% S. bent 144 
91° 85 AFS sand 149 
1° carbonized 154 
cellulose 
, H»O 


40 135 10 
8.0% S. bent : : 14 
91°) 85 AFS sand . 18.! 
1°, wood flour 5 24.5 4 
1.1% HyO 10 $5 a 
5 


17 12.5 


20-A 132 15° 9.5 1.6 $.2 79 
! 








) 
1 
*Rams marked with asterisk refer to number of 2.0 
rams; others refer to standard 14 Ib-2.0 in. rams 
**Average of 3 readings on top and 3 readings on bottom of 


spe cimen 
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Fig. 9 — Relationship of green tensile and green com- 
pressive strength to green shear strength of sands 


bonded with 8 per cent southern bentonite. Data of 
Table 5. 
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pared with the curves for western bentonite. Figure 
11 shows that this higher clay content southern ben- 
tonite mixture displays the same relationships and 


TABLE 6 — GREEN PROPERTIES OF SAND MIXTURES 
CONTAINING SOUTHERN BENTONITE OR FIRECLAY 





Ave. 
: g . Mold 
Spec. Wt., No. Green Strength, psi_ Hard. 


Mixtures grams Rams* Comp. Tens. Shear ness** 


25. 4%, S. bent. 
96% 85AFS sand 155 . 108 14 2.5 87.5 
2.50%, H2O 165 18.7 16 $.7 93.5 


26. 4%, S. bent. 152 155 20 31 990 
96% 85AFS sand 157 19.5 24 $7 985 
2.0% H,O 160 22.5 22 $385 94 


27. 6%, S. bent. 
96% 85AFS sand 150 : 18 2.3 4.1 89 
2.6%, H,O 155 22 2.5 4.6 92 
28. 10%, fire clay 168 9.5 Rebound 2.4 86 
90% 85AFS sand failure 
3.8% H,O 178 17 1.5 3.2 93 
29. 10% fire clay 170 6.6 Rebound 1.8 81 
90% 85AFS sand failure 
4.7% HO 180 10.3 1.5 2.4 87 
30. 177 7.2 Rebound 2.7 84.5 
15% fire clay failure 
85% 85AFS sand 184 6 9.5 1.5 3.4 87.5 
5.8% H,O 1399 159 1.7 36 90 























*Number of standard 14 Ib-2.0 in. rams. 
**Ave. of 3 readings on top and 3 readings on bottom of speci 
men, 
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range of properties as the higher clay content western 
bentonite sands. Therefore, the conclusions are held 
to be the same, and are not repeated. 

The properties of mixtures at the 4.0 and 6 per 
cent southern bentonite level are reported in Table 
6, along with mixtures containing 10 and 15 per 
cent fire clay. These mixtures display the same prop- 
erties as the mixture low in western bentonite. Green 
tensile strength is below 2.5 psi in each mixture, al- 
though the values are still related to green shear 
strength at the low end of the curve in Fig. 3 or 9. 
Even at 15 per cent fire clay, green tensile and shear 
strengths remain low. 

However, this is due to the fact that it takes about 
25.0 per cent fire clay to approach the clay saturation 
required for higher tensile and shear strengths.?.3 
Green tensile and shear strength relationships at the 
25.0 per cent fire clay level were also studied in this 
investigation, and found to show the relationship 
previously cited for western and southern bentonites 
at the saturation level. 

Table 6 also reveals that tensile strength of the 
low clay, low tensile strength mixtures could fre- 
quently not be determined. This was caused by rup- 
ture of the 2.0 x 2.0 in. diameter specimen within 
the tube during ramming. 

Southern bentonite and fire clay sand mixtures 
have been shown to display the same green tensile, 
shear and compression strengths and mold hardness 
relationships, as discussed in connection with west- 
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Fig. 10 — Relationship of green compressive strength 
and bulk density to mold hardness of sands, listed in 
Table 5 and Fig. 9. 





ern bentonite. Southern and western bentonite dis- 
play almost identically equivalent green properties, 
as pointed out in Figs. 9-11. This equivalence is also 
displayed by fire clay, but requires a substantially 
higher clay percentage. A total of ten different com- 
mercially available clays were tested, and found to 
show the same relationships. However, other investi- 
gators? have stated that there are some clays which 
display different relationships although the princi- 
ples are the same. 


BASE SAND EFFECT 


The effect of sand fineness and sieve analysis on 
green tensile and shear strengths was investigated 
within present practical limits. Sands varying in fine- 
ness from AFS 49 to AFS 85, are represented in Ta- 
bles 1 through 6. Silica and bank sands are also in- 
cluded. However, all these sands were of the 3 to 5 
screen sieve distribution and sub-angular shape com- 
mon to many foundry sands, Data on the standard 
AFS 50 sands have been reported,4 and these data 
show that the same principles apply. However, no 
sands with an abnormally high percentage of fines 
were studied. 

With reference to fineness and sieve analysis, no 
effects on the relationship of green tensile, shear 
strength, etc., were noted. This seems likely, espe- 
cially at 6 per cent or more of bentonite, since the 
green properties are largely determined by the shear 
strength of the clay-water mass separating the sand 
grains. The dominating effect of the clay-water ce- 
ment increases at higher clay contents. However, at 
low clay content the sieve analysis might have a no- 
ticeable effect. The low clay content mixtures at 4.0 
per cent and below were not studied for such an 
effect. 


TENSILE TEST LOADING RATE 


The rate of loading can affect the values obtained 
in tensile testing. Two rates were studied in the in- 
vestigation. The data in Tables | through 6 and 
Figs. 1-11 were obtained with a loading rate of 0.32 
Ib/sq in./sec, using a machine of the make shown 
on p. 92 of the AFS SANp HaNpBook. A lower rate 
of loading of 0.062 Ib/sq in./sec was found to de- 
velop tensile strengths about 10 per cent higher than 
those reported in this work. Slippage of the speci- 
men in the specimen tube occurred during the tests 
with the slower rate of loading. 


CELLULOSE ADDITIVES EFFECT 
IN FOUNDRY SANDS 


Mixtures 9, 10, 23 and 24, reported in Tables 2 
and 5, contained cellulose additives. Mixtures 9 and 
23 both contained | per cent carbonized cellulose 
and 8 per cent western or southern bentonites, re 
spectively. Mixtures 10 and 24 both contained | per 
cent wood flour and 8 per cent western or southern 
bentonites, respectively. The green tensile, shear and 
compression strengths and mold hardness _ relation- 
ships were not affected by the additives present. How- 
ever, the carbonized cellulose permitted a higher ten- 
sile strength to be reached by ramming. 

A number of foundry sands containing additives 
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GREEN SHEAR STRENGTH-PS! 
Fig. 11 — Relationship of green tensile and green com 


pressive strength to green shear strength of sands 
bonded with 10 to 12 per cent southern bentonite 


also were studied, with no deviation from the prin 
ciples studied. Typical values for a foundry sand 
based on a mixture containing 6 per cent bentonite, 
2 per cent sea coal, | per cent carbonized cellulose 
and 85 AFS sand are cited (Table 7). Comparison 
of the data in Table 7 for a foundry sand should 
be made with the data for a new 8 per cent western 
bentonite mixture in Figs. 3 and 4. Such comparison 
shows that the combination of sea coal and carbon 
ized cellulose has the effect of causing a 6 per cent 
western bentonite mixture to have properties similat 
to an 8 per cent mixture. 

This is probably due to the contribution of the 
additives to extending or increasing the effective 
amount of plastic bonding from the clay-water addi 
tive mixture. Generalizing, the additives studied do 
not alter the principles of green property relation 
ships in foundry sands. 


TABLE 7 — GREEN PROPERTIES OF A FOUNDRY SAND 





Ave 
Mold 
Spec. Wt., No Green Strength PSi Hard 


grams Rams*® Comp. Tens, Shear ness 


Mixture 





6% W. bent. 134 20° 9.8 1.55 82.5 
2.0% sea coal 142 : 2.1 2.1 : 87 

1.0%, carbonized 148 16.5 26 1 BHA 
cellulose 156 27.5 36 93 

3.3% H,O 159 9 $3 86 3 4 

162 15 10.5 $6 8.7 95.5 

*No. of 2 Ib-2.0 in. rams; all others are 14 Ib-2.0 in. rams 
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TABLE 8 — MAXIMUM MOLD HARDNESS RECOMMENDED 
FOR SATISFACTORY MOLDING AS RELATED 
TO CLAY CONTENT OF SAND* 


Clay, % Limiting Mold Limiting Strength, psi 
Bentonites Fire clay Hardness** Shear* Tensile* 


4 10 80 - 85 3.5 1.8 
6 15 85 - 89 4.0 2.5 
8 —_ 89 - 91 6.0 5.6 
10-12 _ 98 - 95+ 11.0 5.8 
*This table applies specifically to sands of low enough moisture 
content to have good flowability (i.e., 10 to 30%, free water 
according to the calculation method of Ref. 1). 

**Limit does not refer to standard AFS 2.0 x 2.0 in. diameter, 
§ ram specimen, but refers to ramming to this hardness or 
strength level with whatever amount of ramming is required 
in specimen or mold. 

















APPLICATION TO MOLDING OPERATIONS 


The principles presented have important applica- 
tion in green sand molding operations. Currently, 
molding practice is aimed at producing the maxi- 
mum mold hardness obtainable from the molding 
equipment. However, this investigation demonstrates 
that there is a maximum desirable mold hardness, 
depending on the clay content (or green tensile 
strength limit) of the sand mixture. The limiting 
mold hardness, shear and tensile strengths limit, as 
related to clay content, is listed in Table 8. 

When ramming (by any method of molding) is 
practiced to a mold hardness higher than that listed 
in Table 8, the consequence is danger of cracking 
of the mold due to residual stress or spring back 
from the applied molding forces. For example, if a 
molding sand containing 4.0 per cent clay is molded 
on powerful molding equipment to hardnesses over 
90, the mold is likely to crack, drop or hang-up on 
the pattern, Unless such a low clay content sand 
is used at a high moisture content where it is quite 
sticky (50 to 100 per cent more than calculated 
moisture!), these molding problems will develop. 

At high moisture contents it is not possible to 


98 - modern castings 


achieve the higher mold hardnesses, because the mix- 
ture will not develop sufficient compressive strength 
(or shear strength) to cause a high hardness regard- 
less of the amount of power applied. The sand may 
then have sufficient deformation to relieve residual 
stresses, and therefore, the mold may not crack al- 
though drops can still occur due to low tensile 
strength. 

On the positive side, the data in Table 8 show 
that a clay-saturated sand is one that is best suited 
for producing high hardness molds (90 to 95 mold 
hardness) and high strength molds. Powerful mold- 
ing equipment can then be used to develop high 
strength molds, which can be drawn from patterns 
without mold failure. The sand can develop ade- 
quate tensile strength for pattern drawing, and resid- 
ual stresses from molding forces will not cause crack- 
ing of the mold. 


There are of course other reasons for an adequate 
amount of clay used in the sand, which are con- 
cerned with the behavior of the mold when the metal 
is poured. However, from the standpoint of green 
tensile strength, there is no gain in ramming low 
clay content sands to high mold hardness, since no 
significant increase in tensile strength is obtained. 
This ramming limitation does not apply to the high 
clay content sands. 
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HOT CRACKING TEST FOR 
LIGHT METAL CASTING ALLOYS 


By E. J. Gamber 


ABSTRACT 

A simple and reproducible test for determining the 
relative resistance to hot cracking of aluminum and 
magnesium casting alloys is described. This test is 
capable of assessing a wide range of cracking suscepti- 
bility, yet it possesses excellent sensitivity to small 
differences in cracking tendency. It is based on the fact 
that the probability for hot cracking to occur is greatest 
at a sharp internal angle, and diminishes as fillet radii 
of increasing sizes are provided. 

Small specimens, termed “U” castings, are cast in a 
dry sand mold. The castings have the shape of thin 
elongated channel sections with short upright ends. 
Individual molds containing eight castings having varia- 
tions in fillet radius or casting length produce a wide 
range of conditions governing hot cracking suscepti- 
bility. 

Relative hot cracking ratings obtained from tests on 
various commercial aluminum and magnesium casting 
alloys are in good agreement with foundry experience, 
and appear superior to ratings based on cooling curve 
analysis or various ring mold tests employed by other 
investigators. 


INTRODUCTION 


A potential hot cracking problem exists wheneve1 
contraction is restrained while castings cool in molds. 
Both designers and foundrymen recognize the prob- 
lem, and exercise known preventive measures such as 
providing generous fillet radii and draft angles, avoid- 
ing abrupt changes in section sizes and controlling 
solidification patterns and thermal gradients. Stresses 
that result from restrained contraction can be mini- 
mized in sand casting operations by selecting prope! 
mold materials, and in permanent mold or die cast- 
ing operations by controlling removal or ejection 
times. 

Although design and operational precautions are 
effective, they will prove inadequate unless the proper 
alloy has been selected. Consideration also must be 
given to the cracking susceptibility of alloys. 

Since hot cracking has been a problem frequently 
encountered by foundrymen, it has been the subject 
of numerous investigations. Various testing methods 
have been devised to study the influence of contribut 
ing factors. 

The existing tests had limited ranges, low sensitiv- 
ity or provided poor correlation with experience, 
therefore, they were inadequate. A test was desired 
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that would enable the evaluation of many alloys 
having a wide range in resistance to hot cracking, yet 
one that would possess the sensitivity required for 
evaluating the effects of composition variations in 
specific alloys. 

A testing method was developed which  satistied 
these requirements. It has been used successtully to 
evaluate the resistance to hot cracking to both alu 
minum and magnesium casting alloys, and has pro 
vided a reliable and useful tool for alloy development 
work. 


TEST AND PATTERN EQUIPMENT DESCRIPTION 


The hot cracking test selected consists of casting 
eight small specimens in a single dry sand mold. In 
Fig. 1, a test casting, termed a “U” 
The rectangular cross-sections are 34-in. wide and 34 
in. thick, and the length of the castings can be varied 
from 2 to 8 in. Fillet radii are 34-in. at one end, and 
vary at the other end from 34-in. to a sharp cornet 


casting, 1S shown 


The severity of the test depends upon both the fillet 
radius and the length of the casting. Tendency to 
crack is more pronounced with smaller radii and 
greater length 

Figure 2 shows the design of the patterns for test 
castings. A total of 14 aluminum patterns are used 
These consist of eight that provide an 8-in. length 
but variable fillet radii, and six that provide a fillet 
radius of 34-in. but variable lengths ranging from 2 
to 7 in. Although only eight patterns are used for each 
mold, the greater number available permits selection 
of combinations depending upon the anticipated hot 
cracking resistance of alloys. Since eight castings are 
produced from each mold, a range of conditions can 
be surveyed rapidly and conveniently 


Fig. 1 A “U” casting hot cracking specimen 
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Fig. 2 The design of patterns for the hot cracking 
test castings. 


Figure 3 shows the patterns mounted 2 in. apart in 
an 18 in. long, 12 in. wide and 4 in. deep aluminum 
core box, ‘The equipment was designed so the test 
castings are produced in the drag section of the mold. 


A sprue that also serves as a riser is located in the 
cope. The patterns can be easily removed from the 
box and are interchangeable, so that combinations in 
cluding any eight of the 14 patterns can be used. 


Test Procedure 


Molds are made from carefully controlled baked 
core sand. The core mix selected should be strong 
to resist contraction stresses, yet have good collaps- 
ibility so castings can be easily removed from the 
mold without causing further cracking. A mix consist- 
ing of round grained washed silica sand bonded with 
urea formaldehyde is used. The sand should have an 
AFS grain fineness number of about 85. After baking, 


Fig. 3 Core box used for production of the drag 
section of the hot cracking test mold. Interchangeable 
patterns are mounted in the core box and appear in 
the foreground 
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the core sand molds should exhibit a surface scratch 
hardness of about 90. 

For the tests to be described, molds were prepared 
on a jolt, roll-over and draw machine. Use of the ma 
chine provided hard uniform packing of the sand, 
and assured a straight even draw that was essential to 
reproduce the fillet radii accurately. 

During preparation of the drag, small cast iron 
chills are inserted at the side of the casting cavity. 
These cool the area at the intersection of the cross 
arms and the ends located away from the sprue. 
Through chilling in conjunction with the pouring and 
risering system employed, a solidification pattern was 
established which concentrated contraction stresses 
at the variable radii fillet. Since the combination 
sprue and riser is located near the variable fillet, that 
section remains hottest and therefore weakest during 
the solidification process. 

Figure 4 shows an assembled mold. Usually three 
molds were cast of each alloy. Each of the test cast 
ings was individually poured. Heat losses during pour 
ing were minimized by filling the cavities in succes 
sive order as rapidly as possible. 


Aluminum Base Alloy Castings 


Aluminum-base alloy castings were poured at 1350 F, 
and magnesium-base alloys were poured at 1425 to 
1450 F. Castings were allowed to cool to room temper 
ature before they were removed from the mold and 
then inspected for cracks. Occurrence of cracks was de 
tected with the aid of a liquid dye penetrant, and also 
with a low power magnifying glass. A rating indicat 
ing resistance to hot cracking was assigned to the al 
loys on the basis of the most severe condition toler 
ated without cracking. No consideration was given to 
the length of the cracks. 

The numerical system, shown in Table 1, was 
adopted to eliminate the necessity of specifying length 
and radius dimensions in reporting test results. Rat 
ings were based on experience that indicated greater 


Fig. 4— An assembled hot cracking test mold. Each 
of eight test castings was individually poured. The 
overflow basin adjoining the sprue cups was provided 
to facilitate rapid pouring. 





differences in resistance to hot cracking were de 
picted by varying fillet radii from 34-in. to a sharp 


corner than by changing casting lengths from 8 to 
2 in. 


Test Results 


Laboratory test results demonstrated the usetul- 
casting test for comparing the hot 
cracking resistance of various commercial aluminum 


ness of the “U”" 


and magnesium casting alloys, as well as determining 
the effect of composition variations on specific alloys. 
The results, shown in Fig. 5, illustrate the ability of 
the test to detect the effect of composition variations 
in a specific alloy. Progressive improvements in hot 
cracking rating were obtained when silicon content 
of 195 alloy was increased trom 0.2 to 3.0 per cent. 

The improvement shown is in good agreement with 
foundry experience with sand casting alloy 195 (Al; 
1.5 per cent Cu; 0.8 per cent Si) and permanent 
mold alloy (Al; 4.5 per cent Cu; 2.5 per cent Si). 
Ihe higher silicon content of BI95 alloy imparts 
greater hot cracking resistance for permanent mold 
castings. Composition limits shown by shaded areas, 
in Fig. 5, indicate the silicon content of the two al 
loys. 

Ratings obtained and the nominal compositions of 
commercial aluminum and magnesium casting alloys 
subjected to “U” 
marized in Tables 2 and 3. The alloys tested repre 


casting hot cracking tests are sum 


sent most of the types that are used in present-day 
foundry operations, The results demonstrate the abil 
ity of the test to differentiate between alloys with a 
wide range of resistance to hot cracking. 

Ot the aluminum alloys listed in ‘Table 2, alloys 43, 
333, 355, 356 and F132 displayed the greatest resis 
tance to hot cracking, and alloys 195 and C612 exhib 
ited the lowest resistance. The hot cracking ratings ol 
aluminum alloys containing copper and silicon, 195, 
108, BI95, 319, 333 and F132, showed progressive im- 
provement with increasing silicon content. In Fig. 6, 
the relationship between the hot cracking ratings for 
those alloys and their silicon content is shown. 

Among the magnesium casting alloys tested, alloys 
EK41A and EZ33A exhibited the greatest resistance 
to hot cracking, whereas alloys AZ63A and ZK61A ex 
hibited the lowest resistance. Of the magnesium alloys 


TABLE 1 — HOT CRACKING RATING SYSTEM 





Smallest Fillet Radius Span Length Hot Cracking 
Not Cracked, in in Rating 


Sharp Corner 1.0 
20 
4.0 
1.0 
15 
5.0 
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' 
Cracked 
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SILICON CONTENT, PERCENT 


Fig. 5 Silicon content effect on resistance to hot 
cracking of aluminum alloys containing 4.0 or 4.5 
per cent copper measured by two test methods 


containing aluminum, AMIO0OA was rated somewhat 
better than AZ92A and considerably better than AZ 
63A. Alloy HK3IA was rated slightly better than 
AM I00A and considerably better than HZ32A 


DISCUSSION 
Phe “U" 


and reliable means for evaluating the relative resis 


casting hot cracking test provides a simple 


TABLE 2 — ALUMINUM CASTING ALLOY HOT 
CRACKING RATINGS AND NOMINAL 
COMPOSITIONS 





Hot 
Cracking 
Rating** 
13 5.0 10 
F132 : 9.0 1.0 
356 70 1.3 
333 3. 9.0 1.3 
$55 : 5.0 1.7 


220 ? 


( omposition, | 


Alloy Si My 


319 3.5 $5 
108 1.0 5 
BI95 15 1 

142 10 15 : 0 
Col 05 0.35 F 66 
195 1.5 OS x) 


, 


*Alloying clements Aluminum, and normal impurities 
constitute the remainder 


**Smallest number indicates greatest resistance to hot cracking 





TABLE 3 — MAGNESIUM CASTING ALLOY HOT 
CRACKING RATINGS AND NOMINAL 
COMPOSITIONS 





“ ‘ . 
Nominal Composition, ©; Hot 


Mn Rare Cracking 
Alloy Min.) r AT 41 harth Ih Rating**® 


EKI1A O06 

E/33A , O06 

HKSIA 07 

AMIOOA 10.0 0.10 

AJOLA 90 O10 

H/S2A 2 

AZOSA 6.0 O15 +0 

ZKOILA 6.0 07 
*Alloving clements Maygnesiut and normal imnpuritie 
constitute the remaimder 


**Smaltlest number madicates greatest re tance to hot cracking 
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Fig. 7 


between 


Compari- 
“yy” 
ratings for 


son 
test 
commercial alumi- 
num casting, al- 
loys and ratings 
based 


on cooling 


curve analyses. 


“U” CASTING RATINGS AND MODIFIED 


RING TEST RATINGS COMPARISONS, 
MAGNESIUM CASTING ALLOYS 





Alloys in Order of 
Resistance 
Hot Cracking 


AKI1A 
EZ33A 
HIKSEA 
AMIOOA 


AZO A 
HZ82A 5.5 
AJ6O3A 
7ZKGLA 


*Smatlest number midicates greatest resistance 


**Ref 


Casting Tests 


Hot 
Cracking 
Rating* 


lo 
8 
5.5 
1.2 
14 
1.9 


’ 


Modified Ring Tests** 


Alloys in Order of 


Resistance 


Hot Cracking 


AMIOOA 
EK4LA 
AZ924 
EZ33A 


HKSINA 2 


AZO3A 
HZS5A 
ZKOLA 


Proposed 
lo 


( lassi 
fication® 
1A 
IB 
IB 

9 
9 
9 
5 
5 


to hot cracking 
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tance to hot cracking of both aluminum and magne- 
sium casting alloys. The ability to survey a wide range 
of testing conditions with one group of castings offers 
a distinct advantage. Since the test castings are pro 
duced in dry sand molds, and complete sets can be 
poured rapidly, variables such as fluctuations in mold 
and pouring temperatures and changes in alloy com 
position are avoided, The results obtained have been 
found reproducible, and have displayed little exper- 
imental scatter. 


Hot Cracking Ratings 


Relative hot cracking ratings are based entirely 
upon whether or not castings are cracked without 
giving consideration to the length of cracks. This pro- 
vides a convenient and positive method for assessing 
resistance to hot cracking. Also the method is realistic 
because it conforms to foundry inspection standards, 
which usually specify that acceptable castings must be 
free from cracks. 

The relative hot cracking ratings assigned to com- 
mercial alloys are in good agreement with foundry 
experience. Alloys having the best ratings are used to 
produce intricate castings. Greater susceptibility to 
hot cracking has been observed with alloys that are 
rated inferior by the test. Comparisons between rat- 
ings obtained from the “U” casting test and results 
reported by other investigators are of interest. Figure 
7 compares ratings obtained from the “U” casting test 
with relative hot cracking ratings based upon cooling 
curve analyses. ! 

The cooling curve method was based upon the 
premise that metals form a coherent network before 
they solidify completely. By determining the dif 
ference in temperature between the formation of the 
coherent network and complete solidification, values 
termed coherence ranges were established for various 
alloys. Alloys having the smallest coherence range 
were considered to have maximum resistance to hot 
cracking. 

Figure 5 shows data plotted from published re- 
sults? of tests performed with the Singer and Jen 
nings ring mold,® in which the effect of silicon and 
copper on the cracking susceptibility of aluminum 
alloys was determined. The curve shows the effect 
of silicon contents ranging from 0 to 3 per cent in 
an Al + 4 per cent Cu alloy. Comparison with “U” 
test ratings, shown in Fig. 5, reveals that the 
methods give similar results, but the “U” casting test 
is capable of evaluating alloys that have greater re 


two 


sistance to hot cracking. 


“U" Test Versatility 


The versatility of the “U” 
ation of magnesium casting alloys. Work performed 
by R. A. Dodd, W. A. Pollard and J]. W. Meier4 
showed that the Singer and Jennings ring mold test 


test permitted the evalu 


was not severe enough for most commercial magne 
sium alloys. They developed modified ring tests which 
involved solidifying castings around steel cores o1 
Table 4 
casting test, 


around carbon dioxide hardened sand cores. 
compares ratings obtained from the “U” 
and classifications based on hot cracking sensitivity 
determined with the Dodd-Pollard-Meier test. 





The two methods agreed on comparisons between 
alloys of the same general type. Both rated AMIO0A 
slightly superior to AZ92A and _ noticeably better 
than AZ63A, EK41A superior to EZ33A and HK3I1A 
superior to HZ32A. However, the two methods dif- 
fered in the overall ratings of resistance to hot crack- 
ing. The “U" casting test rated alloys EK41A and 
EZ33A better than alloys AMIO0OA and AZ92A. The 
Dodd-Pollard-Meier modified ring test rated alloy 
AM100A the least susceptible to hot cracking. 

Alloys EK41A and AZ92A were rated equal and 
noticeably better than alloy EZ33A. The modified 
ring test placed both alloys EZ33A and AZ63A in the 
same general classification. The magnesium alloys 
containing thorium exhibited higher ratings with the 
“U” casting test than with the modified ring casting 
test. 

Foundry experience has indicated that ratings from 
the “U” casting hot cracking test reliably indicate the 
hot cracking susceptibilities of alloys. Although sig- 
nificant differences between alloys AMI00A and AZ- 
92A are not found in sand casting operations, alloy 
AM100A is considered to be less susceptible to hot 
cracking when poured in permanent molds. Alloys 
EK41A and EZ33A can be used for intricate per- 
manent mold castings. 

However, sufficient comparisons, on a production 
scale and in similar castings, have not been made to 
substantiate definitely the superiority of the rare earth 
containing alloys over Mg-Al and Mg-Al-Zn alloys 
that was indicated by the test. 


SUMMARY 


The “U” casting test provides a rapid and conven- 
ient method for surveying an extensive range of test- 
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ing conditions. Alloys exhibiting a wide range of hot 
cracking susceptibilities can be assessed, yet minor 
changes in resistance to hot cracking resulting from 
composition variations in specific alloys can be de 
termined. Since variables affecting hot cracking can 
be closely controlled, the results are reliable and can 
be reproduced with little experimental scatter 

The test is suitable for assessing both aluminum 
and magnesium-base alloys, Ratings depicting the rel 
ative hot cracking resistance of commercial as well 
as experimental alloys are in good agreement with 
foundry experience, and agree more favorably than 
ratings obtained by other methods. 
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MARTENSITIC WHITE IRONS FOR 
ABRASION-RESISTANT CASTINGS 


By T. E. Norman, A. Solomon and D. V. Doane 


ABSTRACT 


Martensitic white iron castings are extensively used 
to resist abrasive wear in a wide variety of applica- 
tions. There are numerous variables in composition, 
production control, heat treatment and final structure 
which can influence the wear resistance and mechani- 
cal properties of such castings. It is important, there- 
fore, in the interests of obtaining optimum service 
life, to recognize the effects of these variables and take 
the steps necessary for their proper control. 

This paper deals with a number of the important 
characteristics of the martensitic white irons, together 
with studies which have been made by the authors 
on a number of the more important variables influenc- 
ing their structure, wear resistance, mechanical proper- 
ties and resultant service life. 


Definition of Martensitic White Irons 

To be technically accurate, the term “martensitic 
white iron” should probably be confined to those 
irons whose structure consists essentially of marten 
site and iron or alloy carbides. However, practically 
all such irons contain substantial quantities of re 


tained austenite in their structure, and usually there 


is more austenite than martensite present. Some of 
these irons contain only austenite and carbides. 
This retained austenite is normally metastable in 


character; therefore, it can transform to martensite 


or a martensite-like structure at the wearing face of 
the castings. This is brought about by the action of 
the abrasive forces, which cause plastic deformation 
and resultant transformation of some of the austen 
ite at the wearing surface. Under the circumstances, 
it appears to be reasonably accurate to classify all 
such white irons as martensitic. 

To be sufficiently inclusive, the authors suggest 
that martensitic white irons are those irons which 
contain a graphite-free structure of iron or alloy 
carbides and austenite or one of the low temperature 
transformation products of austenite. This definition 
will apply to all of the martensitic white irons dealt 
with in this paper. 


MARTENSITIC AND PEARLITIC WHITE 
IRONS COMPARATIVE PROPERTIES 


Composition and Structure 
All white irons are basically iron-carbon alloys 
which solidify with a portion of the carbon in the 
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form of primary carbides. In the iron-carbon_ sys- 
tem, this occurs when the carbon exceeds about 
2.0 per cent. Practically all of the alloying elements, 
when added to this system, progressively lower the 
concentration of carbon necessary to form the pri- 
mary carbides. 

In white iron produced specifically for abrasion 
resistant castings, the carbon normally exceeds 2.5 
per cent, and is usually in a range of 3.0 to 3.6 per 
cent. Silicon contents are normally held under 1.0 
per cent to avoid graphitization, and certain other 
alloying elements such as chromium are frequently 
added to further suppress formation of graphitic 
carbon in the structure. The structure of these 
irons immediately after solidification consists of pri- 
mary carbides and austenite. 


As the iron cools, this austenite transforms to pearl- 
ite, or to mixtures of ferrite and pearlite. This pro- 
vides the basic structure of pearlitic white irons. 
Figures | and 2 show typical microstructures of pear!- 
itic white irons, Figure | is an unalloyed iron, while 
Fig. 2 contains 5 per cent chromium. 


Addition Alloys Effect 


When certain alloying elements, notably nickel and 
molybdenum, are added in sufficient concentrations 
to white iron compositions, the transformation of 
austenite to pearlite during cooling of the iron after 
casting is completely suppressed. As a result, the 
austenite remains stable down to temperatures be- 
low which pearlite can be formed. During further 
cooling, the austenite in these alloyed irons may 
partially transform to low-temperature bainite and to 
martensite, although substantial proportions of this 
austenite normally are retained in the structure even 
after the casting has reached room temperature. 

Such structures form the basis for the martensitic 
white irons. Typical microstructures of nickel-chro 
mium white irons of this type, both sand and chill 
cast, are shown in Figs. 3 and 4, respectively. 

It will be noted that in Figs. | through 4 the 
matrix (the principal phase in which another con- 
stituent is embedded) of the structure is iron cat 
bide. This carbide has the formula Fe,C or (Fe,Cr).C, 
and will be designated type C, for the remainder 
of this paper. Other carbide-forming alloying ele 
ments, such as manganese and molybdenum, also 
Type C, 
carbides have a relatively high hardness (800 to 
1000 DPH under a 25-gram load), which contributes 


partially enter these type C, carbides. 





to abrasion resistance. Data from various sources 
indicate that these carbides are approximately as 
hard or slightly harder than quartz, which is one of 
the most common abrasives encountered in com- 
mercial service. 

By increasing the chromium content of white iron 
compositions to concentrations over about 10 per 
cent, a new type of primary carbide with the formula 
(Cr,Fe),C, is formed in the structure.1 This car- 
bide, which will be designated type C, for the re- 
mainder of this paper, no longer forms the matrix 
phase, but instead is itself contained in a pearlite or 
austenite-martensite matrix. Figures 5 through 7 il- 
lustrate the typical structures obtained from com- 
positions of this type. 

Figure 5 is from a sand-cast test bar with a pearl- 
itic matrix. Figure 6 is from a sand-cast test bar 
with a matrix which is largely austenite with small 
amounts of pearlite and martensite. Figure 7 is a 
similar composition except that it is chill cast. It 
shows extremely fine-grained primary carbides well 
surrounded by a matrix of austenite, with possibly 
some martensite. 

By comparing the structures in Figs. | through 4 


4 per cent picral etch. 100 X. 
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with Figs. 5 through 7, it is noteworthy that the 
matrix structure of the high chromium irons provides 
a much more favorable basis for good potential 
strength and toughness in the irons. In addition, the 
type C, carbides in Figs. 5 through 7 tend to be 
much finer grained than the type C, carbides in 
Figs. 1 through 4. This factor should further enhance 
the potential strength and toughness of high-chro 
mium irons. Hardness of the type C, carbides is in 
the range of 1300 to 1800 DPH, which is well above 
the hardness of quartz. Consequently, high chromium 
irons should provide outstanding abrasion resistance 
in those types of service where quartz is the principal 
abrasive. 


Commerical Compositions 

White irons containing type C, carbides form the 
basis of a series of commercially produced composi 
tions containing between about 12 per cent and 30 
per cent chromium. When the chromium content is 
near the lower end of this range, the addition of 
other alloying elements, such as molybdenum, is 
normally necessary to produce satisfactory suppres 
sion of pearlite in the matrix of these irons, When 
the chromium content is in a range of about 25 to 


4 per cent picral etch. 1000 


Fig. 1.— Unalloyed white iron containing 3.6 per cent carbon, 0.7 per cent silicon, 0.8 
per cent manganese. Structure shows coarse lamellar pearlite and ferrite in a type C; 
carbide matrix. This iron was chill cast to prevent graphite from forming in the structure 


Picral and hot aqueous picric etch. 100 


Picral and hot aqueous picric etch. 1000 


Fig 2.— White iron containing 3.6 per cent carbon, 0.6 per cent silicon, 0.6 per cent 
manganese, 5.0 per cent chromium. Structure shows fine and coarse pearlite in a type 
C, carbide matrix, as developed near the center of a 2 in. diameter sand-cast ball, air cooled 
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Picral and hot aqueous picric etch. 1000 X. 


Fig. 3 — White iron containing 3.4 per cent carbon, 0.4 per cent silicon, 0.6 per cent manga- 
nese, 1.4 per cent chromium, 3.0 per cent nickel. Structure shows austenite-martensite in a type C; 
carbide matrix, as developed near the center of a 2 in. diameter sand-cast ball, air cooled. 


30 per cent, and the carbon content is held below 
about 2.7 per cent, the use of other alloying ele- 
ments to suppress pearlite may be unnecessary, ex- 
cept possibly in heavy-section castings. 

A further important variable in the structure of 
these 12 to 30 per cent chromium irons must be con- 
sidered, since it is easily possible to make them 
hypereutectic with respect to carbon. Hypereutectic 
low alloy white irons are quite rare and are difficult 
to produce commercially. When a 12 to 30 per cent 
chromium iron is hypereutectic, some of the type C, 
carbides solidify from the melt as relatively large 
needle-shaped crystals which tend to lower the tough- 
ness of the iron. 

These needles also probably injure the abrasion 
resistance of the structure by crumbling or spalling 
microscopically under conditions where high abrasive 
pressures or some impact is involved. The structures 
of two such hypereutectic white irons, sand cast and 
chill cast, respectively, are shown in Figs. 8 and 9. 
The long carbide needles are particularly dominant 
in the sand-cast iron. 

The eutectic composition range, with respect to 


1 per cent picric, 5 per cent HCl in methanol etch. 
100 


carbon for a 12 per cent chromium iron, is between 
about 3.5 and 3.7 per cent carbon. For a 30 per cent 
chromium iron it is between about 2.4 and 2.8 per 
cent carbon. This is indicated by Kinzel and Franks,” 
and is in general agreement with the authors’ own 
metallographic observations on such irons. 


Response to Heat Treatment 

It is possible to convert some white iron composi- 
tions from a pearlitic type, as-cast, to a martensitic 
type by reheating to suitable austenitizing temper- 
atures, followed by a quench. Relatively mild heat- 
ing and quenching rates must be used to avoid crack- 
ing or excessively high residual stresses in the cast- 
ing. Still or moving air, molten salt baths and some- 
times oil provide suitable quenching media. 

The unalloyed pearlitic white irons have such 
shallow hardenability that it is practically impos- 
sible to convert them to a martensitic white iron, ex- 
cept in very thin sections, by reheating and quench- 
ing. With moderate additions of alloying elements 
such as manganese, nickel, chromium and molyb- 
denum, the hardenability of these pearlitic white irons 


1 per cent picric, 5 per cent HCl in methanol etch. 
1000 xX. 


Fig. 4 — Chill-cast white iron containing 3.4 per cent carbon, 0.7 per cent silicon, 0.5 per cent 
manganese, 3.1 per cent chromium, 4.0 per cent nickel. Structure shows austenite-martensite in 
a type C; carbide matrix, as developed %-in. below the surface of a 2 in. chill-cast ball. 
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can be increased sufficiently to produce martensite Probably there are a number of good reasons for 
in their structure when they are reheated and this, which include the extra cost of such heat treat 
quenched. On abrasion-resistant castings with the ma- ments and the tendency of such castings to crack o1 
trix of type C, carbides, such heat treatments have become brittle as a result of heat treatment 


Limited 


seldom, if ever, been used commercially. investigations by the authors tend to confirm. this 


4 per cent picral etch. 100 X. 4 per cent picral etch. 1000 


Fig. 5 — Sand-cast white iron containing 3.6 per cent carbon, 0.6 per cent 
silicon, 0.7 per cent manganese, 12.5 per cent chromium. Structure shows 
type C» carbides in a pearlitic matrix, as developed in a 1.2 in. diameter 
sand-cast test bar, transferred to a 1700 F holding furnace, then air cooled 


1 per cent picric, 5 per cent HCI in methanol etch 
1000 X. 


Fig. 6— Sand-cast white iron containing 3.5 per cent carbon, 0.4 per cent silicon, 
0.8 per cent manganese, 16.0 per cent chromium, 3.0 per cent molybdenum. Structure 
shows type C» carbides in matrix which is largely austenite with small amounts of 
pearlite and martensite, as developed in a 1.2 in. diameter sand-cast bar, air cooled 


1 per cent picric, 5 per cent HCl in methanol etch. 
100 X. 


1 per cent picric, 5 per cent HCl in methanol etch 
1000 X. 

Fig. 7 —Chill-cast white iron from the same composition as Fig. 6 

Structure shows type C» carbides in an austenite matrix, as developed 

in a 1.2 in. diameter bar cast in a graphite mold and air cooled 


100 X. 
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1 per cent picric, 5 per cent HCl in methanol etch. 
100 xX. 


1 per cent picric, 5 per cent HCl in methanol etch. 
1000 X. 


Fig. 8 — Sand-cast white iron containing 4.0 per cent carbon, 0.2 per cent silicon, 0.8 per cent 
manganese, 16.7 per cent chromium, 2.4 per cent molybdenum. Structure shows type C» carbides 
including (at 100 X) the coarse needles typical of a hypereutectic iron. 1.2 in. diameter test bar. 


1 per cent picric, 5 per cent HCl in methanol etch. 
100 X. 


o 


1 per cent picric, 5 per cent HCl in methanol etch 
1000 X. 


Fig. 9 — Chill-cast white iron containing 4.0 per cent carbon, 0.2 per 
cent silicon, 0.8 per cent manganese, 16.7 per cent chromium, 2.4 per 
cent molybdenum. Structure shows that chill casting results in much finer 
type C» carbides even in a hypereutectic iron. 1.2 in. diameter test bar. 


Phe 12 to 30 per cent chromium white irons norm 
ally respond favorably to a reheat and quench type 
of heat treatment. Probably one of the principal 
reasons for this is that their type C, carbides are 
contained and well supported in a high carbon al- 
loyed steel-type of matrix. Usually these heat treat 
ments are applied to heavy section castings, which 
have such slow rates of cooling after casting that they 
tend to develop a pearlitic matrix in their as-cast 
condition. 

Reheating and quenching (usually by an an 
quench) will convert this matrix to martensite, pro- 
vided a sufficient concentration of alloying elements 
is present in this matrix to suppress pearlite forma- 
tion, The elfects of specilic alloying elements on 
pearlite suppression in’ white irons will be dis- 
cussed in later sections of this paper. 


Figure 10 illustrates the structure obtained by 


heating a chute liner made from a l4 per cent 


chromium, 3 per cent molybdenum white iron to 
1900-1950 F, followed by an air quench, The matrix 
in this structure consists of a dispersion of fine, 
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spheroidized carbides in martensite. Relatively little 
retained austenite is present in this matrix. Hardness 
of the casting was 65 Rockwell C. In its as-cast con 
dition (cooled in the mold), this chute liner has 
a matrix consisting of austenite and pearlite, and a 
hardness of 53 Rockwell C. 

The primary type C, carbides in the high chro 
mium irons are relatively unaffected by heat treat 
ment. They appear to be extremely stable and retain 
their as-cast shape, quantity and high hardness after 
heat treatment. 


Relative Abrasion Resistance 

The principal reason for using the alloyed marten 
sitic types of white iron in preference to unalloyed o1 
low chromium pearlitic white irons lies in the fact 
that the martensitic white irons normally provide sub- 
stantially better abrasion resistance. The degree of im- 
provement varies, of course, with the application 
and type of abrasion. 

In evaluating the relative abrasion resistance of any 
material it is advisable to classify the type of abrasion 
involved, since this usually has a pronounced effect 





on the spread in wear rates obtained between a su- 
perior and inferior material, Avery® has classified 
abrasive wear into the following three types, which 
have provided a useful basis for the practical selec 
tion of suitable abrasion-resistant alloys. 


1) Gouging abrasion, usually with impact. 
2) High stress or grinding abrasion. 
3) Low stress scratching abrasion or erosion. 


Gouging Abrasion. White iron castings are not wide 
ly used in gouging abrasion because of the associated 
high impact or high structural stresses usually in- 
volved. There are, however, a number of uses which 
have provided comparisons between the pearlitic and 
mariensitic types in Table 1. This table lists applica- 
tions in which abrasive wear is believed to be largely 
of the gouging type. 

The data in Table | indicate that the martensitic 
nickel-chromium white irons with type C, carbides 
are from two to four times as wear resistant as the 
unalloyed and low chromium pearlitic white irons 
when compared under conditions of gouging abrasion, 

There is little available information as yet on the 
relative wearing properties of the high chromium 
martensitic irons and the unalloyed or low chromium 
pearlitic irons in gouging type of service. The high 
chromium irons have been extensively used as welded 
hard facings in this service, and they appear to have 
interesting possibilities as castings. Their potential 
strength and toughness should provide worthwhile 
advantages, which might allow the use of these irons 


TABLE 1 — RELATIVE LIFE OF PEARLITIC AND 
NICKEL-CHROMIUM (TYPE C, CARBIDE) 
MARTENSITIC WHITE IRONS IN 
GOUGING ABRASION# 


Relative Service Life 





Item Application Martensitic Pearlitic 


1 Crusher rolls for lead-zinc ore 


Stamp shoes for copper ore 
Grizzly disks for sizing coke 
Hammers for pulverizing coal 
Chute liners handling coarse ore 
Cheek plates in a roll crusher 
Scoop lips for ball mill feeder 





Hot aqueous picric etch. 100 . 


Fig. 10 


liner 2 in. thick, containing 2.6 per cent carbon, 
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TABLE 2— LOW CHROMIUM PEARLITIC WHITE IRON 
AND HIGH CHROMIUM MARTENSITIC WHITE IRON 
COMPARISON ON A CHUTE LINER HANDLING 
MINUS 3 IN. SILICEOUS ORE 





Item and Description 


1-Martensitic High 
Cr Tron 


2-Pearlitic 
White lron 


Composition,©; 
( 26 34 
Si 15 05 
Mn 1.1 05 
Cr 1.0 
Mo 

Wear Rate, Ib/1000 tons 0.48% 





under conditions where the low and medium alloy 
irons tend to fail by breakage or spalling 

The one known comparison between a martensitic 
high chromium iron and pearlitic white iron in goug 
ing type of service is given in Table 2. Here a 14 per 
cent chromium iron had about twice the wear resis 
tance of the pearlitic white iron 
could probably be further improved by increasing the 


This performance 


carbon content of the 14 per cent chromium iron 
High Stress (Grinding) Abrasion, The use of both 
the pearlitic and martensitic white irons had been 
quite extensive in applications involving high stress 
abrasion. This type of abrasion is most commonly en 
countered in grinding of ores and industrial min 
erals. Principal wearing parts are grinding balls and 
rods, grinding mill liners and grinding rolls 

Fable 3 gives the comparative wear rates of mat 
tensitic white iron balls in a number of ball mill 
grinding operations, These rates are compared to a 
relative wear rate of 100 for chill cast, unalloyed 
pearlitic white iron in the same service. In this table 
a rate of less than 100 indicates proportionately bet 
ter abrasion resistance. 

Table 3 indicates that hardness of the abrasive has 
a pronounced influence on relative wear rates. When 
hard minerals such as quarts are the principal ab 
rasives, the spread in relative wear rates tends to be 
small, whereas when a softer mineral such as teld 
spar or hematite is the principal abrasive, the spread 
in relative wear rates is substantially greater. Possible 


Hot aqueous picric etch. 1000 


Structure developed by heat treatment of a high chromium iron. This is from a chute 
1.5 per cent silicon, 1.1 per cent manganese 


14.3 per cent chromium, 3.0 per cent molybdenum, reheated to 1900-1950 F and air cooled 
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TABLE 3— RELATIVE WEAR RATES OF MARTENSITIC AND. PEARLITIC GRINDING 
BALLS IN HIGH STRESS (WET GRINDING) ABRASION 





Casting 
Item Reference* Method Service 


Wear Rate 
Relative to 
Rate of 100 
for Chill 
Cast Pearlitic 


Principal Abrasives White Iron 





Ni-Cr martensitic irons with type C; carbides 
5 Chill Mo ore, 6 ft dia. mill 
5 Sand Mo ore, 6 ft dia. mill 
Sand(?) Raw cement, 7 ft mill 
Sand Au ore, 5 ft mill 
Chill Cu ore, 7 ft mill, Plant A 


Sand Cu ore, 7 ft mill, Plant A 
Chill Cu ore, 7 ft mill, Plant A 
Chill Cu ore, 8 ft mill, Plant B 
Sand Cu ore, 6.5 ft mill, Plant (¢ 


Quartz and Feldspar 64-68 
Quartz and Feldspar 58-62 
? 71 
FeMg Silicates 68 
Quartz 68-70 
Quartz 65-66 
Quartz 65°* 
Quartz and Feldspar 
Feldspar and Quartz 15-50 


59** 


Chill 


Il Sand 
12 5 Sand 


Fe ore, 5 ft mill 


Fe ore, 5 ft mill 
Feldspar, 3 ft mill 


Hematite 


Hematite 
Feldspar 


41 


39 
29-34 


Cr-Mo martensitic irons with type C» carbides 
13 7 Chill Mo ore, 9 ft mill 
4 7 Chill Cu ore, 7 ft mill, Plant A 
15 7 Chill ke ore, 5 ft mill 


*References listed here are given at the end of the paper. 
** These wear rates are based on large-scale consumption tests. 


Quartz and Feldspar 54-59 
Quartz 55-47 
Hematite 34 





reasons for this are indicated and discussed in a pre 


vious paper by one of the authors,” and by other 


investigators, 10,11,12 

Martensitic white iron grinding balls have prob- 
ably shown their most outstanding superiority ove! 
other materials in the dry grinding of cement clinker, 
where their wear resistance is reported to be from 
four to seven times that of martensitic high carbon 
steel balls.4-6 Data on the relative wear of martensitic 
and pearlitic white iron balls in this service have not 
been found, so comparisons in the grinding of cement 
clinker are not available for inclusion in Table 3. 

Some typical relative wear rates of nickel-chro 
mium and nickel-chromium-molybdenum martensitic 
white irons with type C, carbides are given in Table 
1. These rates are, in most cases, based on averaged 
results from several sets of liners of each type, run 
under closely comparative operating conditions. 

The data in ‘Table 4, when compared to the results 
on balls in ‘Table 3, indicate that somewhat greater 


TABLE 4— WEAR RATES OF MARTENSITIC WHITE 

IRON BALL MILL LINERS WITH TYPE C, CARBIDES 

IN COMPARISON TO PEARLITIC LOW CHROMIUM 
OR UNALLOYED WHITE IRON 





Wear Rate 
Relative 
to Rate 
of 100 for 
Pearlitic 

White Iron 

End Liners in 9-ft ball mill Quartz and 50-60 

Mo ore Feldspar 

Shell Liners in &-ft ball mill 

Cu ore, Plant B. 

Shell Liners in 10.5-ft ball mill. Quartz and 15-50 

Cu ore, Plant D. Feldspat 

Shell Liners in 7-ft ball mill Feldspar 30 

Cu ore, Plant F (approx.) 

Shell Liners in 7-ft ball mill 

Wet raw cement. 


Principal 


Reference 


Service Abrasives 


— Item 


~ 


Quartz and 15-50 
Feldspar 


Limestone(?) 37 
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improvement in comparative wear resistance is ob 
tained by changing from a pearlitic to a martensitic 
iron in liners than is obtained in grinding balls. 
Quite possibly this is due to the effects of heavy 
section size. Low alloy and unalloyed pearlitic white 
irons normally contain rather coarse pearlite and 
considerable ferrite when made in heavy sections. 
These constituents have relatively poor wear resist 
ance in high-stress abrasion. 

Table 4 also shows the wider spread in relative 
wear rates when the softer minerals are ground, as 
was indicated in Table 3. 

High chromium martensitic white irons with type 
C, carbides offer interesting possibilities under con- 
ditions of high-stress abrasion. Use of the high-chro 
mium irons in such applications is relatively new, so 
little comparative data on their wearing properties 
are available at this time. Preliminary field reports 
indicate they have definitely better wear resistance 
than the martensitic irons with type C, carbides. 
This is further indicated by an evaluation test in the 
grinding mills at the authors’ company. Relative wear 
rates obtained in this test are given in Table 5. 

The procedures used in conducting the wear test 
for Table 5 are described in detail in a previous pa- 
per.” They involve the production and testing of large 
(5-in. diameter) marked balls with structures equiva- 
lent to those produced in heavy-section liners of the 
same compositions. All test balls were run in the same 
mill at the same time to ensure that each composition 
was exposed to identical service. 

On the basis of the wear rates in Table 5, it ap- 
pears that the high chromium-molybdenum = irons 
may have interesting economic possibilities for ball- 
mill liners in some types of service. Their better 
wear resistance must, of course, be sufficient to jus 
tify their normally higher alloy cost, except possibly 
in those cases where shutdown time for relining a 
mill represents an important item of cost. 





TABLE 5— COMPARISON OF MARTENSITIC WHITE IRON LINER ALLOYS IN GRINDING SILICEOUS ORE 





Item Description and Heat Treatment 


l Martensitic Cr-Mo white iron, 
heated to 1950 F, air cooled 
Martensitic Cr white iron, 
heated to 2000 F, air cooled 
Chill cast Ni-Cr-Mo white 
iron, cast, cooled in sand 
tempered 425 F 
Chill cast Ni-Cr white iron, 
cast, cooled in sand, 
tempered 425 F 
*Average hardness on the worn surface after the wear test 
**Abrasion factor is the rate of wear relative to a rate of 100 
for heat-treated high carbon Cr-Mo martensitic steel contain 
ing 1.0%, carbon, 0.8°%, manganese, 6.0% chromium and 1.0°% 
molybdenum. Note that the relative wear rates are on a dif 
ferent basis from those in Tables 3 and 4 


Composition, 


Carbide Hardness 
Si C1 Type Re* 


Abrasion 


Factor** 


0.6 15.0 : Ce 66 x4 


26.0 » 61 


2.0 





Low Stress Abrasion (Erosion). In erosive types of 
wear, where impact conditions are usually mild, the 
various types of white iron normally provide bette 
abrasion resistance than any types of steel or other 
ferrous alloy. This is believed to be due to the pres 
ence of the large amount of carbides, which are norm 
ally present in white iron structures. The influence 
of these hard carbides in resisting erosive wear has 
been well demonstrated by Haworth! and by Avery 
and his associates.3-14 

rates of various 
white irons in erosive service is given in Table 6. 


A comparison of relative weat 

In Table 6 items | and 2 were most outstanding, 
and are the only two materials found to date which 
can compete economically with low chromium pear! 
itic white iron in this service. Probably the superiority 
of these two materials is due to the fact that they con 
tain type C, carbides, which are substantially hardet 
than the quartz in the ground-ore slurry. Similar re 
sults have been obtained by Haworth! and Avery®.14 
on their erosion tests with quartz abrasives, where 
the martensitic white irons with type C, carbides 


TABLE 6 — RELATIVE WEAR RATES OF PEARLITIC 
AND MARTENSITIC WHITE IRONS AND A STEEL 
FOR CLASSIFIER WEAR SHOES IN EROSIVE 
WEAR BY GROUND ORE SLURRIES 





Rela 

Hard- tive 

Item , ness, Wear 
No. Description Re Rate 


1 Martensitic 15°, Cr, 3° Mo iron, as-cast 5.3 28 
2 Martensitic 27°, Cr iron, as-cast : 7 18 
3 Martensitic 4% Ni, 2% Cr iron, as-cast 3.3 57 80 
1 Pearlitic 1% Cr iron, as-cast 3 7 100 
5 Martensitic Cr-Mo steel, heat treated 57 180 





were found to be much superior to either the pearl 
itic or martensitic white irons with type C, carbides 

A comparison of items 3 and 4 in Table 6, which 
both contained type C, carbides, indicates that a 
small improvement was obtained by changing to a 
martensitic structure in these trons. The contribu 
tion of martensite to abrasion resistance in this wear 
shoe service appears to be of secondary importance in 
comparison to the effect of the carbides 


ther indicated by the relatively poor abrasion resist 


This is tur 


ance of the martensitic steel (item 5) which was low 
in carbide content 

The relatively small contribution of martensite to 
abrasion resistance of white irons, as indicated in 
Table 6, is not in general agreement with the results 
from Haworth’s and Avery's tests. For instance, in 
Haworth’s laboratory tests, the 14 per cent chromium 
irons with a martensitic 


matrix (obtained by heat 


treatment) were much superior to the same irons 


(as-cast) with a pearlitic matrix. Also Avery's data 


indicate that nickel-chromium martensitic irons with 
type C, carbides had about three times the wear re 


sistance of pearlitic low chromium iron in dry quarts 


sand erosion. 

\ further significant comparison is available trom 
the service tests on blades in centrifugal abrading 
machines, as reported by Haworth.!” His results for 
the white irons of approximately equal carbon con 
tent are summarized in ‘Table 7 

In ‘Table 7, a martensitic chromium molybdenum 
iron (item 6) with type C, carbides again shows best 
abrasion resistance, which is in line with the results 
in Table 6 

\ comparison in ‘Table 7 of the martensitic nickel 


chromium white iron (item 4) and the pearlitic un 


TABLE 7— WEAR RATES OF PEARLITIC AND MARTENSITIC WHITE IRON AS-CAST BLADES IN A CENTRIFUGAL 
ABRADING MACHINE USING CHILLED IRON SHOT!” 





‘ 


Item* Material ( Cr 


6 Martensitic Cr-Mo Iron 3.1 12.) 
j Martensitic Cr-Ni Tron 3.0 1.2 


2 Pearlitic Cr lron 3.2 96 
l Pearlitic White Iron 2.8 0.2 


*Item numbers are those given in Haworth’s original table 


;, Composition 


Carbide Hardnes Wear Rate 
Mo I ype Ri rrams (hit 


1.8 iy 17 
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alloyed white iron (item 1), which both contained 
type C, carbides, indicates that in this case the mar- 
tensitic white iron is much superior to the pearlitic 
white iron. It is also superior to the pearlitic 9.6 per 
cent chromium white iron which probably contained 
a mixture of C, and C, type carbides, 

Since the martensite in white iron is somewhat 
softer than quartz, its principal contribution to abra- 
sion resistance may be in the support which it pro- 
vides to the hard carbides in the structure, thus pre- 
venting them from crumbling or spalling microscop- 
ically under conditions of severe erosive wear. This 
support may be more necessary under conditions in- 
volving high velocity erosion, as in Haworth’s and 
Avery's tests, than it is in low velocity erosion, such 
as existed on the classifier wear shoes in Table 6. 

The results in Tables 6 and 7, together with those 
given by Haworth,!® Avery*.14 and others,!1-15 all 
indicate that high carbon martensitic white irons 
with type C, carbides provide outstanding resistance 
to erosive wear. This is further indicated by many 
service results on these irons in such parts as sand 
pump impellers, brick mold liners and linings for 
pipes carrying abrasive fluids. These 12 to 30 per cent 
chromium white irons are similar in many respects 
to high carbon modifications of the high carbon, high 
chromium tool steels, which have also been found to 
be resistant to erosive wear. 

A high vanadium modification of these composi- 
tions has also been developed,1® and is reported to 
be giving outstanding service in both cast and 
wrought wearing parts for sand slingers and_ shot- 
blasting machines. 

The contribution of molybdenum to the abrasion 
resistance of high chromium irons is significant. The 
results from items | in Tables 5 and 6 and item 6 
in Table 7, together with a result reported by Ha- 
worth,!7 on brick mold liners, attest to this. While the 
primary function of molybdenum in these irons is to 
suppress pearlite formation, it obviously has a fur- 
ther favorable effect on the properties of the carbides 
as well as the matrix. 


Mechanical Properties 

Martensitic and pearlitic white iron castings are 
generally designed for use in applications where high 
tensile strengths and a substantial degree of tough- 
ness are unnecessary. Mechanical properties, other 
than hardness, are seldom specified for these castings. 
As a consequence, a common basis for evaluation of 
these mechanical properties has not yet been adopted. 
These castings are, however, used in certain applica- 
tions where a limited amount of breakage in han- 
dling, or premature failure in service, is tolerated in 
the interest of using a material with high wear re- 
sistance. 

There are other applications where white irons are 
not now specified, but would be used if a greater 
degree of toughness could be assured, It should be 
well worthwhile, therefore, to make greater use of 
mechanical property tests on white irons. These could 
lead to the development of improved casting tech- 
niques, compositions and heat treatments designed to 
provide greater strength and toughness in the 
castings. 
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Hardness. Pearlitic white irons free from graphite 
will normally have a hardness range from about 325 
Brinell (35 Re) for low carbon (2.40 to 2.60 per 
cent) unalloyed compositions, to as high as 600 Bri 
nell (57 Re) for high carbon (3.50 to 4.00 per cent) 
moderately alloyed compositions. The martensitic 
white irons, because of their variable retained aus 
tenite contents, show an even wider range in hard 
ness, from a low of about 300 Brinell (32 Rc) for 
low carbon fully austenitic compositions, to a high of 
about 70 Re (beyond the upper limit of the Brinell 
test) for high carbon, high chromium irons heat 
treated to develop a high martensite, low austenite 
matrix. 

Although, in general, there is little correlation be- 
tween the hardness of these irons and their wear re 
sistance, this correlation is not entirely lacking for a 
given type composition and heat treatment and a spe 
cific condition of service. However, the effects of 
composition, solidification rates, microstructure and 
heat treatment normally have shown much more in 
fluence on wear resistance than the actual hardness 
of the iron. 


Tensile Properties. Due to the difficulties involved 
in machining and testing white iron tensile specimens, 
particularly when they are of the martensitic type, 
there is relatively litthe good information available 
from actual tests on tensile test bars. An exception to 
this is to be found in the data published by Flinn 
and Chapin.1*% Their observations, on a series of care 
fully run tests, from specimens sand cast in Y blocks, 
indicated the following on a series of iron containing 
3.4 per cent carbon: 

1) Pearlitic white irons containing 1.5 per cent chro 
mium had tensile strengths of 34,000 to 46,000 psi. 
Plastic elongation prior to breakage was less than 
0.0003 per cent. 

Martensitic nickel-chromium white irons with type 
C, carbides had tensile strengths of about 32,000 
psi in their untempered condition, and about 
50,000 psi when tempered at 500 F. These irons 
showed a measurable amount of plastic elongation 
ranging from 0.0080 per cent in their untempered 
condition to 0.0044 per cent when tempered. 
Martensitic nickel-chromium white irons con- 
taining 0.33 per cent graphitic carbon in their 
structures had about the same strength, and ap 
preciably lower plastic elongation, than similar 
irons tree from graphite. 

Martensitic nickel-chromium mottled irons con 
taining 1.57 per cent graphitic carbon had tensile 
strengths of 43,000 psi (untempered) to 50,000 
(tempered) and corresponding plastic elongations 
of 0.0505 per cent and 0.0213 per cent, respec- 
tively. 

Charpy impact strength of both the pearlitic and 
graphite-free martensitic irons on 0.707-in. square 
unnotched test bars was between 4.8 and 7.5 ft-lb. 
This increased to a range of 10.3 to 11.0 ft-lb in 
the nickel-chromium irons containing 1.57 per cent 
graphitic carbon. 


Flinn and Chapin’s data indicate that the marten 


sitic nickel-chromium irons, when tempered at 





500 F, are somewhat stronger and have greater duc 
tility than the low chromium pearlitic irons. The 
ability of the martensitic irons to yield plastically, 
even by small amounts, is probably quite significant 
in any evaluation of their relative toughness. 

Although appreciable quantities of graphite in the 
structure of nickel-chromium martensitic irons have 
a favorable effect on toughness, the presence of this 
graphite seriously damages the abrasion resistance of 
these irons. It is generally desirable, therefore, to 
avoid the formation of graphite in these martensitic 
irons. 

Published data!” on the comparative tensile prop 
erties of a martensitic white iron with type C, car 
bides, and a nickel-chromium martensitic white iron 
with type C, carbides, are given in Table 8. 

It is evident from the data in Table 8 that the high 
chromium iron had substantially superior strength 
and ductility. This is probably due to the more favor 
able distribution of carbides in this type of iron. 


Tensile Data Summary 

To summarize the available tensile data, it is in 
dicated that the pearlitic white irons tend to have 
the lowest strength and elongation, the martensitic 
white irons with type C, carbides are intermediate 
in these properties and the martensitic white irons 
with type C, carbides have the highest strength and 
elongation of these three types of white iron. ‘These 
observations are further confirmed by the authors’ 
tests on the transverse properties of these irons, and 
by experience with each of these types of iron in 
actual service. 


Transverse Properties. Standard A.S.1T.M. transverse 
test bars, 1.2 in. in diameter, broken on an I8-in. 
or 12-in. span, have frequently been used to determine 
the relative strength and toughness of white iron 
The authors’ results with tests of this type indicat 
that a fairly wide range of values may be experienced, 
even with supposedly similar white iron compositions 
and structures. In spite of this, definite trends are 
observable. The ranges in results obtained by the 
authors on various low chromium pearlitic irons, 
and a series of 12-16 per cent chromium martensitic 
irons, are given in Table 9. 

The results in Table 9 indicate a general improve 
ment in) propertics when irons of approximately 
equivalent carbon content are converted from a pearl 
itic type with type C, carbides to a martensitic type 
with type C, carbides. The table further indicates 
that one of the most effective ways of increasing the 
strength and toughness of the 12-16 per cent chro 
mium-molybdenum irons is to increase their solidifica 
tion rate by chill casting. In this case the chills were 
graphite molds. 

The data in Table 9 further indicate that as the 
carbon content of the 12 to 16 per cent chromium 
molybdenum irons is increased, a drop in strength 
and toughness occurs. Lowest values are obtained in 


high-carbon, sand-cast irons. 


Mechanical Properties as Indicated by Field Exper 
rence. In actual applications, the properties most ce 
sired in white iron castings, in addition to abrasion 
resistance, are freedom from breakage and spalling 
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TABLE 8 — TENSILE PROPERTIES OF TWO TYPES OF 
MARTENSITIC WHITE IRON!" 


Carbide Type 





Nominal Composition C, 


Carbon af 3.4 
Chromium, © 20 
Nickel, & 1.0 


Condition stress relieved as-cast 
Tensile strength, psi 30 /60,000* 85,000 
Yield strength, psi 80.000 
O10 10 0.35 0.20 to O10 
214 to 26 S15 
500 to 700 HO 10 O50 


lotal elongation (elastic + plastic) 
Elastic modulus, psi * 106 
Brinell hardness 


*The higher strengths were obtained with faster cooling rates 





TABLE 9 — TRANSVERSE STRENGTHS AND RELATIVE 
TOUGHNESS OF VARIOUS PEARLITIC AND 
MARTENSITIC WHITE IRONS* 

I ransverse Relative 


Strength Deflection Lough 


Ib in ness** 





Item Type of Lron 

| Pearlitic, 1 to 2 Ci 1400-1800) 0.080-0.092 112-165 
3.2 to 3.5°) C. Sand cast 

Martensitic 12-160) Cr 2235-3015 O.125-0.143 278-482 
2.0-4.0% Mo, 2.8-3.4' 
C. Sand cast 
Martensitic 12-16°) ¢ 1760-2200 0.079-0.110 189-242 
2.5-3.0°7, Mo, 3.5-4.1' 
C. Sand cast 
Martensitic 12-16°), ¢ 
1.5-3.0% Mo, 3.2-3.4% 
C. Chill cast 
Martensitic 12-16°) ¢ 2800-3170 O.140-0.148 392-486 
2.4-3.06 Mo, 3.5-4.1! 

C. Chill cast 


*Obtained from 1.2-in. diameter bars on 1S-in. span 


1360-5060 0.202 0.256 SRO 12 


**Relative toughness here is expressed as the product of break 


ing load times deflection 





in service. Freedom trom breakage is obtained by 


providing the castings with adequate strength and 


toughness, together with relatively low values of re 
sidual tensile stress. Freedom = from spalling under 
repeated impact involves more complex and more 
obscure requirements, and appears to be largely a 
function of composition, microstructure and design 
ol the casting. 

In grinding mill liners, wear shoes, mixing pad 
dles and other relatively flat shapes, the martensitic 
irons are reported to be delinitely tougher and less 
susceptible to breakage than the pearlitic white irons 
of roughly equivalent carbon content. Experience 
with the 12 to 30 per cent chromium irons indicates 


they are the toughest of the martensitic types 


High Residual Stresses 

Castings which tend to develop high residual 
stresses in their structure due to then shape, present 
a more complex problem mnsolar as resistance to 
breakage or cracking in concerned. Under these ci 
cumstances, it is difficult to predict the type of white 
iron which will be most resistant to cracking during 
production or use of the castings 

The toughness of grinding balls presents an inter 
esting problem in the selection of a suitable ma 
terial for service under conditions where appreci 
able impact occurs. Here the pearlitic white irons 


have been found to be more resistant to breakage o1 
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spalling than nickel-chromium martensitic white 
irons with type C, carbides and a high retained aus- 
tenite content. Studies made on this problem by the 
authors and by others indicate that these martensitic 
iron balls are more resistant to breakage on a single 
blow impact test, but when these same balls are 
run in a ball mill the repeated impacts, and resul- 
tant work hardening of the entire surface of each 
ball, causes some of the retained austenite at and 
near the wearing surface to transform to martensite. 

This in turn induces high compressive stresses in 
this spherical surface, since the tranformed austenite, 
with its greater specific volume, is restrained from 
expanding. To balance these high compressive stresses, 
high tri-axial tensile stresses develop in the interior 
of the ball, which may eventually cause rupture ot 
severe spalling in service. A similar effect has also 
been experienced with martensitic steel balls when 
they contain a high proportion of metastable austen- 
ite,® 

The unfavorable stress effects from metastable aus- 
tenite in martensitic white iron grinding balls can 
be reduced by several means. These generally involve 
a reduction in the amount of retained austenite or 
in the austenite-stabilizing elements, These methods 
will be discussed in greater detail in later sections of 
this paper. 


WHITE IRON MARTENSITE STRUCTURE 
DEVELOPMENT 


Pearlite Suppression 

Methods of Test. For the fabrication of martensitic 
iron castings, it is necessary to use balanced alloy 
compositions capable of suppressing pearlite in the 
structures of various size sections during continuous 
cooling after solidification. Of the many methods of 
determining the effects of various alloy additions on 
pearlite suppression in white irons, the Time-Tem- 
perature-Transformation diagrams, drawn from iso- 
thermal transformation data by Rote,?° appear to 
most closely simulate actual casting practice, because, 
in this work, castings after shake-out were continu- 
ously air cooled to the transformation temperature. 
The T-T-T diagram, as proposed by Rote, appears to 
have been constructed to serve as a guide for the 
fabrication of large-section castings. 

For a guide to the study of alloy additions to white 
iron for small size castings (those which will cool to 
800 F in less than 30 min), a modified end-quench 
hardenability test was adopted. The end-quench 
hardenability test has many advantages. This test has 
been universally accepted tor steels for its ease of 
specimen tabrication, economy of material and the 
simplicity and reproducibility of testing. 

The end-quench test moditied for white irons con- 
sists of casting a flanged specimen 1.2 in, diameter by 
3Y%-in. long in a sand or chill-type mold. The speci- 
men alter shake-out at about 1800 F is transferred 
to a holding furnace at 1700-1800 F for temperature 
equalization, prior to end-quenching in a modified 
Jominy fixture, Although the transfer of the casting 
to a holding furnace for temperature equalization 
does not necessarily represent the continuous cool- 
ing encountered in actual foundry practice the test 


114 + modern castings 


procedure is consistent, and the effect on transforma- 
tion during end-quenching would be expected to be 
reproducible. 

Hardness measurements are obtained 0.100 in. be- 
low the cast surface along the length of the specimen. 
Due to the large amount of carbide phase in a 3.5 
per cent carbon white iron, the transformation of 
austenite to pearlite may be insensitive to hardness 
measurement. In addition to the influence of car- 
bide on the hardness, the proportion of austenite in 
the martensite-austenite-carbide aggregate will also 
affect the hardness. Hardness values obtained in 3.5 
per cent carbon martensitic irons ranged from 52 to 
70 Rockwell C. A typical pearlitic white iron of the 
same carbon content had a hardness of about 56 
Rockwell C. 

To supplement hardness measurements, the dis- 
tance from the quenched end to the point at which 
pearlite first appears is measured by metallographic 
examination of the surface on which hardness im- 
pressions were obtained. This location is called the 
pearlite point. The location of complete transforma- 
tion to pearlite often occurs at cooling rates lowe 
than obtainable with the end-quench bar. 


Carbon and Alloying Elements Effect. The effects of 
various alloy additions on the location of the pearlite 
point in a number of different investigations of white 
irons at the authors’ laboratory are summarized in 
Figs. 11-14. In the various base compositions tested, 
nickel, molybdenum, manganese and copper addi- 
tions effectively delayed the appearance of pearlite in 
the structure, as shown in Figs. 1] and 12. Chro 
mium contents up to 13 per cent had relatively little 
effect on the appearance of pearlite at a constant car- 
bon content, as shown in Fig. 13. 

Silicon additions to the base compositions pro- 
duced a negative effect and accelerated the appear- 
ance of pearlite, as shown in Fig. 14. Although the 
relative effectiveness of various alloying elements in 
suppressing pearlite is demonstrated in Figs. 11-14, the 
efficiency of each addition is strongly dependent on 
the base alloy combination, and to some extent on 
the carbon content of the austenite resulting from 
variations in solidification rate. 

The effects of carbon and molybdenum additions, 
and the solidification rate on pearlite suppression of 
high chromium irons, are shown in Figs. 15-17. The 
data presented in Fig. 15 indicate that carbon addi- 
tions affect the appearance of pearlite in a manne 
similar to the negative effect of silicon additions, 
shown in Fig. 14. Consideration of Fig. 16 suggests 
that the effectiveness of molybdenum additions is 
greater at low carbon levels. The data in Fig. 17 
indicate that increases in solidification rate are more 
effective at low carbon levels. 


Carbon and Solidification Rate 
Effect on Hardness 

An example of the influence of carbon and solidifi- 
cation rate on the hardness of high chromium irons 
is given in Fig. 18. For the compositions shown in 
Fig. 18, it is quite probable that some correlation ex- 
ists between hardness and abrasion resistance, since 
the hardness is primarily related to the quantity and 











(5) CU-CR 


w 
INCHES 
nw 


INCHES 


Nn 


PEARLITE POINT, 


DISTANCE FROM QUENCHED END TO 





(2) UNALLOYED 


(1) UNALLOYED || 2 : 
. MANGANESE AND NICKEL, % 








Base Composition, ‘ 
(4) CR-SI Mn C1 Cu Mo 
(1) 3.5 0.6 10 
r (2) 34 0.6 Fi 10 
1 (3) 3.4 0.7 15 
YBDENUM. % Nore: 1.2 in. dia. specimens held at 1700-1800 
ie ieee F after sand casting prior to end quench 
ase ) ) . 
ase Composi ion, J ing 


DISTANCE FROM QUENCHED END TO 
PEARLITE POINT, 














ws . “ Ce Fig. 12 Copper, manganese and nickel effect on 
(l) 3.5 — 0.32 — sand cast hardenability (pearlite suppression) of low alloy white 
(2) 3.5 7 0.32 — chill cast irons. 
(3) 3.6 5.0 0.50 — sand cast P< x __x + 
(4) 3.7 4.8 50 sand cast 
(5) 3.4 0.9 0.19 2.1 chill cast 
Note: 1.2 in. dia. specimens held at 1700-1800 F 
after casting prior to end quenching. 








we 


INCHES 


nN 


Fig. 11— Molybdenum effect on hardenability (pearl- 
ite suppression) of low alloy white irons. 


distribution of the carbide. However, it is apparent 
from the graph that an increase in hardness with in- 
creasing carbon content is nonlinear. The higher 
hardness values are related to an increase in the 
amount of martensite in the matrix, as well as an in- 
crease in the amount of carbide phase present. 
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Fig. 17 — Solidification rate effect on 
the hardenability (pearlite suppression ) 
of high chromium irons at three carbon 
levels. 


type C, carbides also generally increases with increas 
ing carbon content, which is similar to the effect 
noted in Fig. 18. 


Arrested Cooling Effect 

Reduction of the carbon content of the austenite 
phase by arrested cooling, following solidification, of- 
fers a method of increasing the pearlite-suppressing 
power of nickel-chromium and __ nickel-chromium- 
molybdenum irons with type C, carbides. The work 
by Rote clearly shows the advantages of this treat- 
ment. ‘This arrested cooling treatment shifted the 
pearlite transformation of the T-T-T diagram to the 
right, delaying the appearance of pearlite in_ the 
structure. 

This may be accomplished in commercial practice 
by transferring the castings, after solidification, to a 
preheated furnace at a temperature of about 1700 F. 
Following this, the castings are cooled to room tem 
perature. A somewhat similar effect can be achieved 
by burying the castings together after solidification. 

Arrested cooling is quite effective in reducing re- 
tained austenite, and in suppressing pearlite in high 
chromium irons containing type C, carbides. In these 
irons, the arrested cooling tends to produce a dis- 
persion of spheroidized carbides in the austenite, low 
ering the carbon content of the austenite. On subse- 
quent cooling of the lower carbon austenite, pearlite 
translormation is delayed even in the presence of 
nucleating carbides. 


Retained Austenite Control 

Practically all martensitic white irons contain. sig- 
nificant amounts of retained austenite, which has an 
influence both on abrasion resistance and mechani 
cal properties. Its influence upon these properties is 
rather complex, and in some cases obscure. 

Insolar as its effects on mechanical properties are 
concerned, retained austenite always tends to lower 
the hardness of martensitic white irons. At the same 
time it may increase their toughness as measured in 
a tensile or transverse test, or by single-blow impact. 
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Fig. 18 — Solidification rate effect on 
the hardness of high chromium irons at 
three carbon levels. 
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Fig. 19— Final refrigeration temper- 
ature effect on amount of martensite in 
two low alloy white irons. 


Where repeated impact occurs over a wearing sur 
face, as in the case of grinding balls, the retained 
austenite may produce an apparent brittleness, due 
to buildup of residual stresses under this wearing 
surface. Under these circumstances it is desirable to 
reduce the amount of retained austenite. 

When martensitic white iron castings must be 
cleaned or finished by grinding before service, the 
presence of high retained austenite tends to produce 
hair-line cracks or heat checks on the finished sur 
faces. 

Retained austenite in martensitic white irons can 
be reduced by various means. One method is to re 
frigerate the castings at subzero temperatures. This 
should be followed by a stress-relieving treatment at 
about 400 F. Figure 19 shows the effect of refrigera 
tion on the martensite content of a nickel-chromium 
and a nickel-chromium-molybdenum iron. A second 
method involves tempering at 500 to 550 F, which 
transforms some of the retained austenite, probably 
to low-temperature bainite. A third method is to at 
rest cooling after solidification, as described in the 
previous section. 

A fourth method is to use selectively those alloying 
elements which suppress pearlite, but have little tend 
ency to stabilize austenite or lower its M, tempera 
ture. This fourth method may, if desired, be com 
bined with one or more of the other three. 

Retained austenite can also be reduced or con 
trolled by reheating the castings to suitable austen 
itizing temperatures, followed by mild quenching. 
This procedure is well adapted to the 12 to 30 per 
cent chromium irons, since their type C, carbides are 
discontinuous and permit the use of heat treating 
procedures similar to those used on tool steels. This 
reheating and quenching procedure also provides a 
convenient means of producing a martensitic struc 
ture in those large or heavy section castings, which 
normally have a pearlitic structure after slow cool 
ing in their sand molds. 

The intluence of retained austenite on abrasion re 











sistance, in the absence of spalling or breakage, ap- 
pears to be largely dependent upon the composition 
of the austenite. This effect of composition on the 
abrasion resistance of a number of martensitic white 
irons and high carbon steels has been studied and re- 
ported in a previous paper by one of the authors. 
These invesitgations have indicated that when aus- 
tenite is retained by increasing its carbon or chro- 
mium content, an improvement in abrasion resistance 
is produced. On the other hand, when austenite is 
retained by increasing its manganese or nickel con 
tents, a lowering in abrasion resistance occurs. 

This effect for varying nickel contents in marten 
sitic white iron grinding balls is indicated in Fig. 20. 
It appears desirable, therefore, in the interest of ob 
taining optimum abrasion resistance, to hold the 
manganese and nickel contents to the minimum re- 
quired to suppress pearlite in their structure. This 
can be accomplished by the use of balanced alloy 
combinations, which will be discussed in the next 
section. 

Refrigeration of nickel-chromium and_nickel-chro- 
mium-molybdenum irons to reduce their austenite 
content has improved their wear resistance when 
they were tested as grinding balls in high stress abra- 
sion. This is indicated by the nickel-chromium iron 
in Fig. 20, and has been further confirmed by similar 
investigations on nickel-chromium-molybdenum irons. 
Presumably this refrigeration treatment would — be 
helpful in providing added abrasion resistance in 
other types of abrasive wear. 

Tempering treatments at 500 to 550F have been 
investigated in a few tests, which indicated that a 
small loss in abrasion resistance was produced by this 
treatment on grinding balls. This may be over-bal 
anced by the increased resistance to spalling and 
breakage which the tempering treatment provides. 
In general, however, a refrigeration plus stress-relief 
treatment appears to be preferable to the tempering 
treatment, both from the standpoint of abrasion 
resistance and resistance to spalling. 

The effects on abrasion resistance which are pro- 
duced by arrested cooling treatments have not been 
investigated by the authors. 

The reduction of retained austenite in nickel 
chromium irons by the use of a lower nickel content, 
combined with a molybdenum addition for pearlite 
suppression, provides a means of improving the abra- 
sion resistance of these irons. This is indicated by 
a comparison of items 3 and 4 in Table 5. A turther 
improvement in the abrasion resistance of these 
two irons was obtained by refrigeration at minus 
70 F. 


BALANCED COMPOSITIONS FOR 
MARTENSITIC WHITE IRONS 


On the basis of present knowledge, the formulation 
of balanced compositions for martensitic white iron 
castings should have the following major objectives: 


1) A sufficient alloy content to suppress the for 
mation of pearlite in a given casting section size 
and cooling rate. 

2) A sufficient quantity of carbide-stabilizing cle 
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(in martensite-austenite phases) for chill cast nickel- 
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for 0.80 per cent carbon martensitic steel. 











ments to ensure freedom from graphite in the 
structure. 

A high carbon content where optimum abrasion 
resistance is the controlling factor, or a low cat 
bon content where maximum toughness is neces 
sary. 

A low silicon content to reduce the tendency for 
graphite formation and/or pearlite formation. 
Adjustment of alloy combinations for control of 
retained austenite to suit the conditions under 
which the castings are produced and used in 
service. 

Addition of alloying elements to increase the 
hardness of the carbide phase. 

Addition of alloying elements to increase the 
toughness of carbides by modifying the compo 
sition, shape and distribution of the carbide phase 


All of the foregoing objectives must, of course, be 
balanced against their cost in relation to the benefits 
obtained. For instance, a high-chromium molybdenum 
iron with type C, carbides may provide best abra 
sion resistance in a specific application, but a nickel 
chromium-molybdenum iron with type C, carbides 


may provide better economy because of its normally 


lower first cost. 

The foregoing objectives have resulted in the de 
velopment of two major Classifications of martensite 
white iron. One depends largely upon the use of 
nickel, and, more recently, nickel plus molybdenum 
lor pearlite suppression. Chromium, with a low sili 
con content, is used to suppress graphitization, and 
also assists in pearlite suppression. The type C, car 
bides are obtained in this type of iron 

Phe other major classification of martensitic white 
irons depends on the use of chromium contents in 
excess of 10 per cent to produce type C, carbides in 
the structure. The type C, carbides are harder than 
the type C,. They are discontinuous and more favor 
ably dispersed, and tend to have a fine particle size 
Complete suppression of graphite in’ these high 
chromium irons is obtained due to the chromium 
content, while pearlite IS suppressed by the use of 
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molybdenum in combination with the chromium. Re- 
tention of good mechanical properties with high 
carbon contents, and consequent optimum abrasion 
resistance, are obtainable when the chromium content 
of the irons is held within a range of about 12 to 
16 per cent. 

The recommendation of specific compositions for 
each of the two major types of martensitic white irons 
is beyond the scope of this paper. While the desirable 
limits of their composition ranges are believed to be 
fairly closely indicated by the data which have been 
presented, the most desirable or economical compo- 
sitions for specific conditions of production and use 
will vary to some extent. A number of specific com- 
positions for various applications have been indicated 
in the tables. 


SUMMARY AND CONCLUSIONS 

1) Two basic types of martensitic white irons are 
described and defined. One contains a structure 
of type C, carbides (Fe,C) and austenite, or one 
of its low temperature transformation products. 
The other contains type C, carbides {(Cr,Fe)7C,) | 
and austenite, or one of its low temperature trans- 
formation products. Representative microstruc- 
tures for each type of iron are given and com- 
pared to corresponding pearlitic white irons. 
Both types of martensitic white irons have shown 
substantially better abrasion resistance than pearl- 
itic white irons in comparative tests, Where com- 
parisons were available, the martensitic white irons 
with type C, carbides were superior to marten- 
sitic white irons with type C, carbides. 
The strength and toughness of martensitic white 
irons are generally superior to those of pearlitic 
white irons. The martensitic irons with type C, 
carbides showed the best values of strength and 
toughness. 
The effects of the commonly used alloying ele- 
ments, and of carbon and silicon, on the suppres- 
sion of pearlite in whité irons are presented and 
discussed. Molybdenum, manganese, nickel, cop- 
per and chromium were shown to be effective in 
retarding pearlite formation. Carbon and silicon 
were shown to accelerate pearlite formation. 
The effects of solidification rates on mechanical 
properties and pearlite suppression are presented 
and discussed. Chill casting was shown to en- 
hance both mechanical properties and_ pearlite 
suppression. 
Heat treatment of martensitic white irons is dis- 
cussed, Arrested cooling in the range 1400-2000 F 
is effective in suppressing pearlite. The white 
irons with type C, carbides respond well to re- 
heat treatments, which promote martensite for- 
mation. 
The influence of retained austenite, and methods 
used for its control, are presented and discussed. 
Both mechanical and abrasion resistance are in- 
fluenced by the quantity and composition of the 
retained austenite. 
Balanced compositions for the development of 
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optimum properties in martensitic irons are dis 
cussed. 
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More than Half of Chapters Contribute 


AFS Presidents Since Formation 1896 


@ More than half of the 47 AFS 
Chapters have contributed Presidents 
to the Society. Fifty-seven Presidents 
from 26 Chapters have served the 
Society since 1896. 

Three Chapters, Chicago, North- 
eastern Ohio and Pittsburgh, each are 
represented by six Presidents. Detroit 
and Philadelphia both have five rep- 
resentatives. 

The AFS Presidents and their Chap- 
ter areas: 


BIRMINGHAM — L. N. Shannon (1940- 
41); L. H. Durdin (1958-59). 

CANTON — L. W. Olson (1924-25); 
J. L. Wick, Jr. (1936-37). 

CENTRAL ILLINOIS — F. W. Shipley 
(1956-57). 

CENTRAL INDIANA — I. R. Wagner 
(1952-53). 

CENTRAL MICHIGAN — C. L. 
(1953-54). 

CENTRAL OHIO — J. G. Sadlier (1901- 
02). 

CHESAPEAKE — E. W. 
(1949-50). 

CINCINNATI — C. S. Bell (1898-99). 

CHICAGO — W. A. Jones (1900-01); 
C. J. Wolff (1904-05); S. T. Johnston 
(1928-29); T. S. Hammond (1932-33): 
H. S. Simpson (1941-42); B. L. Simp- 
son (1955-56). 

CONNECTICUT W. R. Bean (1920- 
1922): H. S. Washburn (1939-40). 

DETROIT — A. T. Waterfall (1909-10); 
S. W. Utley (1926-1928); Fred Erb 
(1929-30); F. J. Walls (1945-46); H. 


Carter 


Horlebein 


Film Explains 
Foundry Field 


@ A better understanding of the cast 


ing industry, its scope, training needs, 
stability and opportunities possible, is 
presented in a 22-min, sound film, 
Cast Metals and You. 

The film, originally silent and titled 
Education and Our Industry’s Surviv- 
al, was presented by the Society by 
Beardsley & Piper Div., Pettibone 
Mulliken Corp., Chicago. A sound 
track, title change and the reshoot 
ing of some scenes were recommend- 
ed by the Education Division Sub- 
Committee on Film Evaluation and 
Recommendations. 

Objectives of the film are to: 1) 
show the scope and stability of the 
castings industry; 2) show the need 
for training; 3) awaken youth to 
available job opportunities; 4) ac- 
quaint the general public with the 
industry; 5) acquaint youth and par- 
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NEW ENGLAND A.W 
1902-03); A. B. Root, Jr. 
E. H. Ballard (1931-32). 

NORTHEASTERN OHIO B. D. Full- 
er (1917-18); A. O. Backert (1918-19); 
D. M. Avey (1934-1936); W. L. Woody 
(1950-51); W. L. Seelbach (1951-52); 
F. J. Dost (1954-55). 

NORTHERN ILLINOIS-SOUTHERN 
WISCONSIN — D. P. Forbes (1942- 
43). 

NORTHWESTERN PENNSYLVANIA - 
Willis Brown (1903-04); T. D. West 
(1905-06). 

ONTARIO — L. L. Anthes (1908-09). 

PHILADELPHIA — F. Schumann (1896- 
1898); S. G. Flagg, Jr. (1907-08); Dr. 
G. H. Clamer (1923-24): Marshall 
Post (1938-39); L. C. Wilson (1943 
44). 

PIEDMONT — Max Kuniansky (1947- 
48). 

PITTSBURGH J. S. Seaman (1899 
1900); W. H. McFadden (1906-07); 
J. T. Speer (1910-1912); C. S. Koch 
(1919-20); F. J. Lanahan (1933-34); 
W. B. Wallis (1948-49). 

QUAD CITY H. Bornstein (1937-38) 

ST. LOUIS — R. A. Bull (1914-1916); 
J. P. Pero (1916-17) 

TENNESSEE A. E. Howell (1913-14) 

TWIN CITY S. V. Wood (1946-47). 

WESTERN MICHIGAN R. J. Teetor 
(1944-45). 

WESTERN NEW YORK H. D. Miles 
(1912-13); N. D. K. Patch (1930-31). 

WISCONSIN C. R. Messinger (1922- 
23). 


Walker 


(1925-26); 


ents with basic training opportunities 
available. 

To find the reaction of 
groups, the film was shown to repre 
sentative groups of juveniles and 
mixed parents. More than 250 stu 
dents viewed the film in addition to 
teachers and P.T.A. parents. 

In general all persons viewing the 
film felt it was well planned and 
presented and that it could be used 
for a junior high or early high school 
guidance film. It was felt that it 
would be of great value for the orien 
tation of all apprentices 
and trainees and could also be used 


Various 


industrial 


by personnel managers in explaining 
the value and need for 
foundry training program. 

Members of the sub-committee are 
Chairman I. H. Dennen, Beardsley 
& Piper Div., Pettibone Mulliken 
Corp., Chicago; Prof. R. W. Schroe 
der, University of Illinois, Navy Pier 
Chicago; R. A. Oster, Beloit Voca 
tional & Adult School, Beloit, Wis 
A. C. Smith, American Steel Found 
ries, Chicago. 


an organized 
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Board Authorizes Second-Stage 
Development of Training Center 


Acceptance of Trustee Recommendations 
Points Way Toward Completion of 
“America’s Foundry Technical Center” 


@ The Board of Directors of AFS 
voted unanimously to finalize plans 
and detailed specifications for a pro- 
posed Foundry Training Center build- 
ing, at a special Board meeting held 
Feb. 10 at the Society’s national of- 
fices in Des Plaines, Ill. In doing so, 
the Board accepted recommendations 
of the Training and Research Insti- 
tute trustees, reported in the Feb- 
ruary issue of MOopEeRN CASTINGS, 
that the project be completed “at the 
earliest possible date.” 

Attending the meeting, called by 
President L. H. Durdin exclusively 
to consider all aspects of the overall 
T&RI program, were 20 of the 24 
incumbent officers and directors of 
the Society, and seven of eight offi- 
cer and director nominees. The lat- 
ter participated in all discussions as 
observers, without vote on the final 
motion. The trustees’ recommendation 
was presented in person by H. Born- 
stein, chairman of trustees. 

Reviews Program 

Urging favorable action by the 
AFS Board, Bornstein reviewed or- 
ganization of the Institute in Decem- 
ber 1956, at which time the trustees 
requested that approval of the pro- 
posed training building be deferred 
pending more concrete evidence of 
its actual need. Enthusiastic reac- 
tions to the eight trial courses pre- 
sented in 1957 and 13 in 1958, he 
said, had convinced the trustees that 
the Institute’s training program could 
not be fully progressed without more 
adequate facilities. 

He pointed out that students at- 
tending the courses during the past 
two years came from 32 states, two 
Canadian provinces and Mexico, and 
traveled an average distance of 722 
miles to do so. Practically all, Born- 
stein reported, expressed strong ap- 
preciation for the material presented 
and indicated desire to attend fur- 
ther courses. 

In recommending for the second 
time that the training building should 
now be built, the chairman likened 
the project to date to the steps nec- 
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AFS President 
L. H. Durdin 


essary in manufacturing a new prod- 
uct. “In 1957,” he said, “we had our 
experimental program of 
This was followed in 1958 by a pilot 
plant operation of broadened courses 
and field services, and we are con- 
tinuing pilot operations in 1959. The 
T&RI Trustees now say to you: “We 
for production, provided 
you furnish us with the necessary 
facilities.’ Gentlemen, it is your next 
move.” 

The T&RI Chairman emphasized 
that the proposed building, even if 
approved at this time, probably could 
not be available for training courses 
before the fall of 1961. He present- 
ed a “construction timetable” repre- 


courses. 


are ready 
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senting estimates made by the 


trustees, as follows: 


Estimated Timetable 


Feb., 1959—Board 
proceed. 

March, 1959—Final approval of de- 
sign and plans, selection of official 
architect. 

March, 1959—Commence final draw- 
ings, detailed specifications. 

July, 1959—Approve specifications, se- 
lect contractors for bidding. 

Aug., 1959—Submit plans, specifica 
tions for general contract bids. 
Nov., 1959—Deadline for return of 
general contract bids. 
Nov., 1959—Executive 
prove low bid for construction. 
Dec., 1959—Finance Comm. arrange 

financing. 

April, 1960—Commence building con- 
struction. 

Oct., 1961—Completion of building. 

Nov., 1961—First T&RI courses in 
new building. 

Discussion of the Institute’s train 


authorization to 


Comm. ap- 


ing program gave special attention 
to: centralized location; accessibility 
via Chicago’s new expressways and 
relocation of Chicago’s airport at i 
Hare Field; the training center “po- 
tential,” 
period in terms of increased demand 


projected over a 25-year 


AFS Board of Directors show at Central Office in Des Plaines, Ili. The Board met Feb. 10 in 
a special meeting to discuss the Training & Research Institute program. T&RI Trustee Chairman 
Hyman Bornstein presented the Trustees recommendations and reviewed the T&RI program. 
Courses have been conducted both in the United States and Canada. Chapters have co- 


sponsored courses with T&RI in several cities 





An artist's conception of proposed T&RI Training Center adjoining present AFS Headquarters which is shown to 
left of flag pole. Pictured below are T&RI Trustee Chairman H. Bornstein, T&RI Director S. C. Massari and Trustee 
1. R. Wagner. Wagner, who served as a trustee 1957-1959 has been elected to serve a four-year term. Other 
trustees are H. W. Dietert, L. H. Durdin, C. E. Nelson, R. A. Oster and B. C. Yearley. Wm. W. Maloney serves 
as Secretary and E. R. May as Treasurer. 


H. Bornstein 
Trustee Chairman 


for qualified personnel; estimated 30 
course weeks per year covering a 
broad range of subjects; total cost 
of building and equipment, presently 
estimated at $500,000. 


Form Building Committee 


The discussion culminated in a 
motion authorizing the Society’s offi- 
cers to proceed with construction of 
the training center building “in 
accordance with the estimated con- 
struction timetable, subject to approv- 
al of general contract bids by the 
Executive Committee of the Board.” 


Institute Director 
S. C. Massari 


A Building Committee of specialists, 
appointed by the AFS_ President, 
will develop and approve plans and 
specifications in cooperation with the 
Institute’s Director. 

When the present AFS Headquar- 
ters building was announced in 1950 
the industry contributed nearly $227,- 
000 to make possible this first step 
in developing “America’s 
Technical Center.” Similar structures 
housing activities of European found- 
ry technical groups now exist in 
England, France, Belgium, Germany 
Spain and Italy. The new T&RI 


T&RI Opens 1959 Program with 
2-Day Courses at Birmingham 


@ Gating & Risering of Castings, first 
cooperative course in the AFS Train- 
ing & Research Institute 1959 pro- 
gram, was presented Feb. 23-25 at 
Birmingham, Ala. The course, held at 
the Dinkler-Tutwiler Hotel, was joint- 
ly sponsored by the AFS Birmingham 
Chapter and T&RI. 

Instructors were Charles Locke, 
Crucible Steel Castings Co., Cleve 
land; Karl G. Presser, Buckeye Found- 
ry Co., Cincinnati; R. A. Colton, 
American Smelting & Refining Co., 
Houston, Texas; S. C. Massari, AFS 
Technical Director and R. E. Better- 


ley, T&RI Training Supervisor. 

Three films were used to present 
the latest in research work. They 
were the AFS research project films 
“Effect of Horizontal Gating Design 
on Casting Quality” and “A Study of 
Vertical Gating Design;” and “Metal 
Flow in Molds” by Institute of British 
Foundrymen. 

Included in the course were basic 
fundamentals, flow patterns in gating 
systems and mold cavities, gating and 
risering of ferrous castings and in ad 
dition, gating and risering of non-fer 
rous alloys. 


1. R. Wagner 
T&RI Trustee 


Foundry Training building will com 
plete the Foundry Technical Center 
envisioned years ago and enable the 
to keep 


progress around 


American castings industry 
£ 

pace with foundry 

the world. 





Foundry 


Elected Director 


D. L. Colwell, Apex Smelting 
Co Cleveland was elected 
Director at large by the AFS 
Board of Directors at its Feb 
ruary meeting. Colwell is Chair 
man of the AFS Die Casting & 
Permanent Mold Division 
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Wisconsin Regional Conference 


@ Incorporating the latest methods 
and techniques into foundry produc- 
tion was stressed at the 22d annual 
Wisconsin Regional Foundry Confer- 
ence. Speakers emphasized how costs 
can be reduced and castings im- 
proved both through new concepts 
and application of basic fundamentals. 

Considerable interest was expressed 
in General Motors Corp. development 
of an as-cast malleable iron with su- 
perior mechanical properties and a 
high elastic modulus approaching that 
of steel. The alloy, known as Centra- 
Steel, does not require extensive heat 
treatment, explosive or costly addi- 
tion agents, injection apparatus or low 
maximum sulfur content. 

The conference, sponsored by the 
AFS Wisconsin Chapter in coopera- 
tion with the University of Wisconsin, 
was held Feb. 12-13 at the Schroeder 
Hotel, Milwaukee. Lawrence J. An- 
dres, Lawran Foundry Co., Milwau- 
kee, served as general conference 
chairman. Clarence A. Gehrman, Ster- 
ling Wheelbarrow Co., Milwaukee, 
and Prof, P. C. Rosenthal, University 
of Wisconsin, Madison, Wis., served 
as co-chairmen. 

Each of the chapter’s five divisions 
presented four technical sessions dur- 
ing the two-day conference. 

In opening the conference, AFS 
President L. H. Durdin and Kurt F. 
Wendt, dean, College of Engineering, 
University of Wisconsin, both exam- 
ined the relationship of education and 
industry. 

Durdin urged a united, industry- 
wide research program rather than 
efforts by individual foundries. He 
emphasized the small amount spent 
by foundries on research activities 
compared to other metal industries. 
And he urged support of the pro- 
posed AFS Training & Research In- 
stitute Center to be constructed ad- 
joining the AFS Headquarters in Des 
Plaines, Ill. 

Dean Wendt said that the industry 
must meet challenges from other fab- 
rication methods through intensive 
self-study, company research, coop- 
erative research and a_ continuous 
drive to obtain the best possible tal- 
ent. He emphasized that the industry 
must make students conscious of the 
advancement possibilities throughout 
the metalscasting field. 

Luncheon and dinner speakers in- 
cluded Larry Clark, Wisconsin Lin- 
coln Sesquicentennial Committee, who 
presented a film, “The Face of Lin- 
coln;” Col. Arnold M. Maahs, U. S. 
Army Active Reserve, who discussed 
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“The Mighty St. Lawrence—Seaway 
to the World;” and John W. Mullen, 
farm director, Milwaukee _ Braves 
Baseball Club, who spoke on “Out- 
look for the Milwaukee Braves.” 

The technical program was opened 
by AFS Director of Safety, Hygiene 
and Air Pollution Control, H. J. Web- 
er, who discussed principles of con- 
trolling noise such as by substitution 
of less noisy operations; isolation of 
noisy operations; control of noise by 
distance, insulators and 
acoustical _ tile. 
gave practical applications of these 
principles suitable for us in foundry 
operations. 


enclosure, 
Following this, he 


Steel Sessions 


§ ands with a broad distribution are 
increasing in use compared to sands 
of narrow distribution and sands of 
narrow distribution plus silica flour, 
reported V. M. Rowell, Harry W. 
Dietert Co., Detroit. Advantages ap 
pear to be high density, dry com- 
pressive strength, hot strength, glaz- 
ing ability, green compressive strenth 
and green tensile strength. Broad dis- 
tribution sands are also lowest in per- 
meability, rate of expansion as well 
as superior in spalling resistance. 

R oot life in electric furnaces may 
be extended through correct design 
and utilization of proper brick, said 
C. E. Grigsby, General Refractories 
Co., Philadelphia. In many cases ad- 
ditional life may be obtained by using 
mortar in joints and insulating around 
the annular section ring; use of steel 
plate cast into brick; and often brick 
of smaller size with center ramming 
gives longer life than large sized in- 
terlocked brick. 

D esigning castings to develop high- 
est service strength must take into 
consideration that castings excel in 
their ability to uniformly distribute 
the load, rather than because of theit 
tensile strength, emphasized J. B. 
Caine, consultant, Cincinnati. Found- 
rymen must be prepared to assist de- 
signers, particularly in the design 
properties of junctions, sections and 
connecting members. 

& hell molds and cores have a place 
in the steel castings industry, but the 
success of the application depends 
greatly on the customer’s standards 
for his castings. This was one con- 
clusion reached by a panel of found- 
rymen who have found limitations in 
the production of steel castings in 
shell, and who have investigated cor- 
rective measures to overcome these 


Stresses Ways to Cut .. 


AFS President L. H. Durdin speaking before 
Wisconsin Regional Foundry Conference. Dur- 
din emphasized need for industry-wide re- 
search. 


limitations. Panel members were: J. 
R. Vinette, Evinrude Motors Div., 
Outboard Marine Co., E. G. Tetzlaff, 
Pelton Steel Casting Co.; D. J. Koch, 
Sivyer Steel Casting Co.; and J. A 
Behring, University of Wisconsin. 


Gray Iron Sessions 


Required carbon analysis of gray 
iron does not limit the amount of steel 
scrap used in the charge since there 
are many ways of speeding carbon 
absorption by iron in the cupola, said 
N. P. Lillybeck, Brillion Iron Works, 
Inc., Brillion, Wis. Advantages which 
may be gained by using high steel 
charges include low phosporous con- 
tent, greater freedom from tramp and 
residual elements, increased pearlite 
stability, increased response to harden- 
ing agents and high impact strength. 
§ olidification and risering of gray 
iron castings were explained by M. C. 
Flemings, Massachusetts Institute of 
Technology, Cambridge, Mass. The 
natural reduction in volume accom- 
panying the cooling of gray iron from 
the liquid to the solid depends upon 
metal chemistry. However, the size 
and location of voids are also depend- 
ent on factors influencing the move- 
ment of the casting surface. 


D uctile iron quality depends upon 
three factors: base iron composition, 
magnesium content level and final in- 
oculations, C. K. Donoho, American 
Cast Iron Pipe Co., Birmingham, Ala., 
told foundrymen. Donoho illustrated 
the determination of optimum mag- 
nesium content for several experimen- 
tal heats. 





.. Casting Costs While Improving Quality 


C. K. Donoho addressing foundrymen at Wis- 
consin Regional Foundry Conference on pro- 
duction of ductile iron 


Hy ot-blast improves cupola opera- 
tion by increasing temperature in the 
melt zone, resulting in hotter iron, 
lower silicon and manganese loss, 
more fluid slag and cleaner melting 
and less bridging, explained D. E. 
Krause, Gray Iron Institute, Columbus, 
Ohio. Technical advantages include 
melt rate, high carbon pick-up and 
lower cost charge materials, increased 
fast recovery after shut-down. 


Malleable Sessions 


A nealing of malleable iron in a 
nitrogen atmosphere furnace capable 
of close control of temperature gradi- 
ent was reviewed by L. Emery, Mari- 
on Malleable Iron Works, Marion, Ind. 
The electrically heated combination 
ferritic and pearlitic iron oven anneals 
1000 tons of castings during a 40- 
hour cycle. With the aid of an au- 
tomatically operated by-pass between 
the temperature zone and cooling zone 
it is possible to produce all S.A.E. 
grades of pearlitic malleable iron 
within a narrow range of Brinell hard- 
ness. 


P inhole porosity in malleable iron 
was discussed by Clifford Sorenson, 
National Malleable & Steel Castings 
Co., Cicero, Ill. Various causes were 
advanced for the defect. Fireclay fac- 
ings were advanced as a possible solu- 
tion. 


W ater-cooled cupolas have the ad- 


vantage of flexibility and control of 
the melt process, prolonged periods 
of melting operation and decreased 
costs for refractory maintenance, Wal- 
ter Schwengel, Modern Equipment 
Co., Port Washington, Wis., told mal- 
leable foundrymen. He defined these 


cupolas as liningless, externally wa- 
ter-cooled shell with protruding wa 
ter-cooled tuyeres and a neutral re- 
fractory in the well. 


C entraSteel talk was authored by W. 


B. Larson, Carl Joseph, W. F. Web- 
bere and Dr. R. F. Thomson, General 
Motors Corp., Detroit. Details appear 
at beginning of this article. 


Pattern Sessions 


Pattern and core box equipment for 
modern high production work was 
described as to design, construction 
and standardization by Joseph M. 
Kreiner, National Malleable & Steel 
Castings Co., Cleveland. These pat- 
terns, constructed on an interchangea- 
ble basis have the advantages of 
economy and flexibility. 


P lastics offer the patternshop a new 
engineering material that through ju- 
dicious application can decrease fab- 
rication costs and create varied prod- 
uct areas with enhanced customer 
response, stated J. Bruce Ferguson, 
Allis-Chalmers Mfg. Co., Milwaukee. 
Ferguson outlined experience in plas- 
tics started by Allis-Chalmers in 1956. 
The project has now been expanded 
well beyond the pattern field. 


P laster patterns, used increasingly 
in the auto and aircraft industries, 
offer stability, economy in_ tooling, 
savings in time and increased adap- 
tability. How to properly use plasters 
was explained by M. K. Young, U.S. 
Gypsum Co., Chicago, with the use 
of 100 slides. 


Pattern life extension through the 
use of a hard rubber plastic for manu 
facturing patterns and a coating on 
aluminum core boxes were described 
by J. E. Olson, Dike-O-Seal, Inc., Chi 
cago. The core box coating gives a 
very hard surface prolonging wear and 
allowing easier draw-out compared to 
untreated aluminum, said Olson. 


Non-Ferrous Sessions 


A luminum castings can be made bet- 
ter but defects must be correctly 
identified before corrective steps are 
taken, warned Donald L. LaVelle, 
Federated Metals Diy American 
Smelting & Refining Co., South Plain 
field, N.J. LaVelle listed various symp 
toms and their cures in aluminum 
practice. 


C asting finish must be improved to 
satisfy customer demands, empha 
sized Clyde A. Sanders, American 
Colloid Co., Skokie, Ill. Improved sur- 
face finish, closer tolerances and bet 
ter dimensions are directly related 
to molding sand properties and meth 
ods. Many things make for bette 
casting finish and surface, but sand 
grain is the most important. Foundry 
progress can be advanced considera 
bly by making the most of what we 
already have, but utilizing a finer base 


sand to give this finish. 


[= auses of scrap castings and possible 
remedies were suggested to non-fer 
rous foundrymen by Fred Riddell, H 
Kramer & Co., Chicago, in an illus- 
trated lecture. Specific castings were 
shown with recommendations made to 
improve them. 

Riddell outlined how proper gating 
and risering procedures, chills and 
insulation could be used to overcome 
many problems plaguing non-ferrous 
foundrymen. 


Shell cores should be introduced into 
the non-ferrous foundry on a strict 
cost basis, according to S. Denkinger 
Shalco Corp. He noted that the in 
stallation of shell core equipment is 
advantageous if the plant lacks core 
oven capacity or floor space because 
In addi 
tion, pattern equipment for shell cores 


of lesser capital investment 


is cheaper, he stated, than equipment 
normally used for oil-sand cores with 
driers. 


CentraSteel paper authors: W. B. Larson, Carl Joseph, W. F. Webbere and Dr. R. F. Thompson of 


General Motors Corp. Paper was presented by Larson 


Photos by Bob De Broux 
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L. H. Durdin 


D. E. Chester 


F. E. Frazier 


Alert Foundrymen to New Advances 


@ New developments in foundry prac- 
tice, management and legislation were 
presented at the 27th Southeastern 
Regional Foundry Conference held 
Feb. 26-27 at the Tutwiler Hotel, 
Birmingham, Ala. 

The conference was sponsored by 
the AFS Birmingham and Tennessee 
Chapters and the University of Ala- 
bama Student Chapter. M. D. 
Neptune, James B. Clow & Sons, Bir- 
mingham, Ala., served as general con- 
ference chairman and J. R. Cardwell, 
Stockham Valve & Fittings, Inc., Bir 
mingham, Ala., was program chaii 
man. 

In addition to the technical sessions, 
the conference was addressed by 
AFS General Manager Wm. W. Ma- 
loney and Herbert E. Smith, Jr., As- 
sociated Industries of Alabama. AFS 
President L. H. Durdin spoke at the 
annual banquet with Warren Whit- 
ney, James B. Clow & Sons, serving 
as toastmaster. 

Other high-lights included a ladies 
program and plant visitations. 
Better Castings: More aluminum 
castings are rejected due to poor pour- 
ing practice than for any other rea- 
son, stated R. A. Colton, American 
Smelting & Refining Co., Houston, 
Texas. Pouring is more critical in alu 
minum alloys than in others because 
it readily forms a tough, thin oxide 
film which has a specific gravity close 
to that of molten aluminum. 


Birmingham Chapter co-sponsored three-day 
T&RI course prior to the Southeastern Foundry 
Conference. Shown are C. M. Adams, Jr., 
speaker at the conference and AFS Technical 
Director S$. C. Massari. 
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Preventing Defects: Melt quality, 
gating, proper feeding and optimum 
pouring temperatures were advanced 
as the prerequisites to the prevention 
of non-ferrous casting defects by Ray 
Cochran, R. Lavin & Sons, Chicago. 

Gas defects due to the absorption 
of hydrogen are the principal causes 
of poor melt quality in aluminum cast- 
ings. Prevention of the absorption is 
the only solution to the problem. 

“Insufficient research has been done 
on the gating and risering of brass 
and bronze castings,” said Cochran 
who pointed out that most of the re 
search has been done with steel and 
light alloys. Ideally the gating system 
should fill the mold without turbu- 
ence, prevent aspiration of air and 
gas, minimize erosion, trap out dross 
and promote directional solidification. 

Cochran, in dealing with risering, 

explained that directional  solidifica- 
tion depended upon size, shape and 
location. He explained the difference 
in solidification between pure metals, 
short freezing range alloys and long 
freezing range alloys. 
Direct Reduction: oundries melting 
100 tons or more of iron daily may 
have an opportunity to reduce their 
cost of iron and their dependence 
on outside sources for pig iron and 
scrap through the direct reduction of 
iron ore. Details on the process were 
outlined by H. W. Lownie, Jr., Bat 
telle Memorial Institute, Columbus, 
Ohio. 

Interest in the process has been 
stimulated by the diminishing supply 
of good coking coals and iron ores. 
Thirty-seven companies are now par- 
ticipating in the research at Battelle. 

Currently it is estimated that the 
cost of molten metal in the ladle runs 
between $55-$110 per ton using con- 
ventional cupola methods. 

Estimates on a $2,500,000 pre-re 
duction and smelting plant with a 
100-ton daily capacity, place the cost 
of molten metal at $61 per ton. A 
$6,000,000, 400-ton daily capacity in- 
stallation would produce molten metal 
for about $47 per ton. 


Southeastern Regional General Conference 
Chairman M. D. Neptune addresses banquet 
audience while AFS President L. H. Durdin 
looks on with approval. Durdin was the ban- 
quet speaker. 


Air-Set Cores: Application of the air- 
setting process fits ideally into jobbing 
shops making medium and large cast- 
ings. On miscellaneous castings, more 
tonnage can be produced per given 
amount of floor space, and with a 
smaller, less skilled work force than 
by other methods, stated Daniel R. 
Chester, Archer-Daniels-Midland Co., 
Cleveland. 

Next to cores, the biggest use for 

the process is as a dry mold facing 
backed up with regular molding sand. 
Close tolerances and frequent elimi 
nation of baking have been the major 
advantages. 
Noise: Noise is unique in the com- 
pensation field since loss of hearing 
affects one-half of the population, re- 
marked Floyd E. Frazier, National As- 
sociation of Mutual Casualty Compa 
nies, Chicago. 

Until recent years, disability sche- 
dules applied only when the worke1 
suffered a loss of wages. New York 
and Wisconsin court rulings now hold 
that loss of hearing is an occupational 
disease and compensable, even with- 
out the loss of wages. 

Frazier pointed out that factory and 
foundry noise is only one factor con 
tributing to deafness; others are child- 
hood diseases, use of certain drugs 
and ordinary noise. The problem is 
further complicated since it cannot 
be determined how much noise con 
tributed to the loss of hearing and 
how much has been caused by other 
factors. 





A. F. Gross 


Frazier had the following recom- 
mendations for foundry management: 

1. Make a noise survey in the 
foundry. 

2. Test the hearing of new work- 
ers with an audiometer. 

3. Provide workers with personal 
protective equipment. 

4. Install engineering controls such 

as mufflers and isolation of personnel 
and machinery. 
Automation: Design and operation 
of an automatic pouring and molding 
operation in a Swiss malleable iron 
foundry were described by Alex 
Homberger, International Automation 
Corp., Ann Arbor, Mich. Operation 
of the system was also shown in a 
movie. 

The installation produces 300 molds 
per hour with pattern changes com 
pleted within approximately one min 
ute. Clay bonded sand is used as 
the molding medium with the mold 
first pre-compacted by jolting and 
compacted in the final stage by jolt 
squeezing. 

A new type, highly subdivided pat- 
tern plate was designed to accomo- 
date a mold gripping and stripping 
device which prevents the mold flask 
from tilting during stripping opera- 
tions. The clamping frame allows for 
a quick exchange of the individual 
pattern plates and also for the use of a 
much greater variety of pattern plates. 

Metal is automatically poured from 
a bottom-stopper ladle into a pour 
ing ladle. Emptying the pouring ladle 
independently of the filling of mold 
cavities, placing the pouring basin in 
the same position on each mold, use 
of an improved tilting mechanism, all 
these have made it possible to auto 
mate the pouring operation in the 
Burher method. 

Management: The day of the cent- 
ral directing personality in company 
affairs is rapidly disappearing from the 
American scene as corporations con 
tinue to grow in size, observed Dr. 
Fred A. Replogle, Rohrer, Hibler and 
Replogle, Chicago. Today’s progres 
sive companies are likely to be di 


Cc. M. Adams 


rected by a professional manager or 
management team. 
Companies, regardless of size, must 


build an organization to continue as 
a strong and vital force. They must 
adopt a philosophy of what their basic 
purpose is and how they hope to 
accomplish it. 

“The organization is only a vehick 
to carry out the plan or philosophy 
With a statement of policy most prob 
lems are 75 per cent solved,” said 
Replogle. 

Top management today must know 
how to think, plan and manage. 
Risering: Problems of mold _ wall 
movement and riser sizes needed to 
offset the effects of mold wall move 
ment and casting shrinkage were 
discussed by Clyde M. Adams, Massa 
chusetts Institute of Technology, Cam 
bridge, Mass. 

Through slides and charts he dem 
onstrated the thermal loss of several 
metals under various mold and riser 
ing conditions. Heat loss through ris 
ers was explained in terms of pei 
cent lost by radiation. Because of its 
high melting temperature and emis 
sivity, it was pointed out that steel 
ranked comparatively high in_ this 
type of heat transfer. 

It was noted that in the risering 
of gray iron castings that the natural 
reduction in volume during solidifica 
tion may be essentially complete when 
the metal is only 20 per cent solid 
Subsequent solidification may actually 
result in a volume increase. 

Adams showed that in gray iron 
green sand castings dilate, demand 
more feed metal and require larger 
risers to guarantee soundness than do 
dry sand molds. In practice, a green 
sand casting should either have no 
riser at all, or a riser adequate to 
feed a casting poured in a mold hay 
ing mold wall movement tendencies 
Quality Control: Detailed statistical 
quality control is best suited for long 
run production. However, steps can 
be taken on small-run production to 
tighten foundry practice through con 
tro] of variables. 


Ja 
H. W. Lownie 


.. at Southeastern Regional Meeting 


How this can be accomplished was 
explained by Arthur F. Gross, Ohio 
Steel Foundry Co., Lima, Ohio. 

Standardization of melting practice, 
pouring temperatures and techniques 
frequently 


and inspection methods 


can be enforced to eliminate anh 
of the variables. 

Well-designed forms for the re 
porting and circulation of pertinent 
design, inspection and production data 
was also recommended. Such charts 
are the flow chart of manufacture, 
job sheet, inspection flow chart and 
trouble analysis sheet. These aid in 
providing controls necessary for pres 
ent and future reproducibility. 
Future: Continued technological ad 
vances in the foundry industry were 
predicted by AFS General Manage1 
Wm. W. Maloney. He cited the proc 
esses and techniques developed with 
in the past 15 years and envisioned 
advances as great or greater in the 
next 15 years. 

Maloney described the accomplish 
ments of the AFS Training & Re 
search Institute program started in 
1956. He also commented on the pro 
r&kRI Center on 
which bids will be received in fall 
If approved by the AFS Executive 
Committee, the building will be con 
present AIS 
Headquarters which is located in Des 


Plaines, Hl. 


posed Draining 


structed adjoining the 


Ladies attending the Southeastern Regional 
Foundry Conference enjoyed a full two-day 
program. Shown at the ladies reception are 
past Birmingham Chairman Sam Carter and 
wife. In background at right is AFS National 
Director C. A. Sanders and wife 
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T&RI Shifts 


@ T&RI activities will resume in 
April following the Annual Conven- 
tion with the presentation of Gating 

& Risering of Castings coursese in Cal- 

ifornia. Next will be Melting of Cop- 

per-Base Alloys to be given in Ham- 
ilton, Ontario. All three will be 
co-sponsored with AFS Chapters. 

Dates and locations: 

April 24-25—Gating & Risering of 
Castings, Rodger Young Auditor- 
ium, Los Angeles. 

April 27-28—Gating & Risering of 
Castings, Claremont Hotel, Berke- 
ley, Calif. 

May 4-5—Melting of Copper-Base 
Alloys, Royal Connaught Hotel, 
Hamilton, Ontario. 

Instructors for the West Coast 
courses will be John Varga, Jr., Bat- 
telle Memorial Institute, Columbus, 
Ohio; AFS Technical Director S. C. 
Massari and AFS Training Supervisor 
R. E. Batterley. 

Outline of subjects in Gating & 
Risering of Castings: 

Basic Fundamentals—Heat transfer, 
fluid flow of metals. 

Horizontal Gating—Research report 
AFS film “Effect of Horizontal Gating 
Design on Casting Quality.” 

Gating of Ferrous Castings—Func- 
tions of ideal gating system, establish- 
ing the system, optimum pouring time, 
designing a gating system, examples, 
conclusions, 

Risering of Ferrous Castings—So- 
lidification of gray iron, microporosity, 
mold materials and risering, casting 
design and mass, selection of riser 
size and location, selection of riser 
necks and dimensions, maintaining 
recommendations. 

Vertical Gating—AFS research film 
“A Study of Vertical Gating Design.” 

Gating & Risering of Non-Ferrous 
Alloys—Nature of materials under con- 
sideration, pouring practice, gating 
practice, risering non-ferrous alloys, 
venting practice, pouring tempera- 
ture practice, chills, insulators, exo- 
therms. 

“Metal Flow in Molds,”—film, In- 
stitute of British Foundrymen. 


Melting of Copper-Base Alloys 


Tentative schedule of subjects for 
course at Hamilton, Ont. 

Classification of Alloys—Scope, ba- 
sis of classification. 

Melting Equipment—Basic concepts, 
electric furnaces, fuel-fired furnaces. 

Control of Melt Quality—Furnace, 
raw material, effect of refractories, 
foreign materials, furnace  atmos- 
phere, fluxes, temperature control. 
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1959 T&RI Courses 


April-July 


Subject and Description Dates 


Gating & Risering of Castings 

Instruction course covering theory and practice on the various prob- 
lems relating to gating and risering. Metal flow, solidification phe- 
nomena, heat transfer, shrinkage, hot tears, ferro-static pressure, gate 
and riser design, mold wall movement, and surface tension are some 
of the many facets covered. Intended for foremen, technicians, foundry 
engineers, supervisors, industrial engineers and production and quality 
control personnel. Course to be presented in Los Angeles; fee, $45. 


Gating & Risering of Castings April 27-28. 
Above course to be presented at Berkeley, Calif. Fee, $45. 


Melting of Copper-Base Alloys 

Course of instruction for melters supervisors, metallurgists and fore- 
men. Nomenclature, alloy classification, melting fundamentals, equip- 
ment, controls, testing and raw materials. Basic control variables are 
considered in light of optimum results. Course M2A, $45, Hamilton, Ont. 


Cupola Melting of Iron May 11-15 

Instructional course for cupola operators, supervisors, metallurgists and 
foremen. Basic principles for efficient cupola operation are studied 
with emphasis on cost reduction. Raw materials, cupola design, com- 
bustion control, metallurgy of cast iron, maintenance and new develop- 
ments. Course M3A, $90, Chicago. 


Metallurgy of Gray Iron 

Intensive instruction on the basic metallurgy of gray iron. Metal com- 
positions, alloys, physical and mechanical properties. Photo-micro- 
graphic examples are shown with the interpretation of microstructures. 
Controlling mechanical properties. For melters, metallurgists, engi- 
neers, researchers, supervisors and management. Course MET1A, $60, 
Chicago. 


Metallography of Non-Ferrous Metals 

Demonstration and work shop course for melters, supervisors, foremen, 
foundry engineers, researchers, laboratory technicians, metallurgists 
and design engineers. Basic metallurgy, terminology, phase diagrams, 
micro and macro analysis, mechanical properties based on metallo- 
graphic interpretation and heat treatment are studied. One day on 
demonstrations and workshop activities in the laboratory. Metal speci- 
mens are prepared and studied. Course MTY2A, $80, Chicago. 











Test Procedures for Quality Con- 
trol—Importance, fracture tests, spe 
cific gravity, fluidity, deep-etch test, 
pressure testing. 

Other courses in May include Cu 
pola Melting of Iron to be given May 
11-15 in Chicago and Metallurgy of 
Gray Iron to be given May 25-27 
in Chicago. 


No courses are scheduled for June 
but the program resumes in July 
with Metallography of Non-Ferrous 
Metals in Chicago followed by two 
August courses in Chicago. These are 
Core Sand Practice, Aug. 10-14; and 
Gating & Risering of Castings, Aug. 
24-26. Chicago courses are held in 
downtown hotels. 





St. Louis Chapter members at the January 
meeting heard R. A. Witschey, A. P. Green 
Fire Brick Co., Mexico, Mo., speak on Funda- 
mental of Refractories. Left to right are 
speaker Witschey and Technical Chairman S$ 
Fredericks, American Steel Foundries, Granite 
City, Ill. Chapter Chairman W. C. Pickles, 
National Bearing Div., American Brake Shoe 
Co., St. Louis, presided at the meeting held 
at Edmond’s restaurant. A refreshment period 
preceeded the meeting —H. V. Boemer 


St. Lovis Chapter 
Veining and Penetration 


@ Approximately 115 members at th 
February meeting heard George Di 
Sylvestro, American Colloid Co., Sko 
kie, Ill., speak on Veining and Pene- 
tration. 

Thirteen apprentices were present 
ed with awards at the annual Appren- 
tice Training Award Night. 

—R. E. Hard 


Central New York Chapter 
Celebrates 20th Anniversary 


@ Members observed the 20th anni 
versary of the chapter at its Febru 
ary meeting. H. J. Weber, AFS Di 
rector of Safety, Hygiene & Ai: 
Pollution Control Program spoke on 
The Impact of Air Pollution Laws on 
Foundries. 

Weber criticized state legislatures 
which adopt air pollution laws passed 
by other states. He stated that many 
state bodies have little or no know! 
edge of what they are adopting. In 
many cases the laws were developed 
for fuel burning equipment such a 
power stacks which are not realistic 
for foundries. In many cases found 
ries can not comply with the laws. In 
many cases foundries will have to 
spend $20,000 to $120,000 to com 
ply with specifications and still have 
no assurance of being within the law 


C. W. Diehl 


K. A. Miericke, Baroid Div., National Lead Co., 
Chicago, was the non-ferrous speaker at the 
Chicago Chapter February meeting. His sub 
ject, Oil-Bonded Molding Sands. 

N. A. Baranov 


Connecticut Chapter 


Facilities for Jobbing Shops 


@ The importance of the use of ver 
satile equipment to suit the jobbing 
foundry mechanization of 
coremaking, sand 


molding, 
preparation, cast 
ing, cleaning, melting and material 
handling were stressed at the Feb 
ruary meeting by Glenn W. Merre 
field, Giffels & Rossetti, Detroit. 


G. W. Merrefield 


Slides were shown of two foundry 
projects in jobbing foundries wher 
good engineering on modern facili 
ties improved casting quality and _ re 
duced costs. 


Detroit Chapter 
Local Apprentice Winners 


@ Judging in the Detroit chapter ap 
prentice contests was held Jan. 31 
Winners in the wood patternmaking 
division were: Ist, D. A. Giles, Bea 
ver Pattern Co.; 2d, A. J. Kravetz 
Pattern Co.; 3d, Joseph 
Gross, Automotive Pattern Co 


) » 
Progress 


First place winner in metal pattern 
making was James Arnold, Progress 


Pattern Co I A. Swensson 


M. H. Horton, Deere & Co., Moline, Ill spoke 
on Operation of Acid and Basic Water-Cooled 
Cupolas at the Chicago February meeting. H 
G. Haines, Woodruff & Edwards, Elgin, Ill 
chairman of the chapter's gray iron division 


s on the right 


B. Roll, Kish Ir r Milwaukee, spoke 

Plastics for the Pattern Industry at the 
Chicago February meeting. On left is John 
MacDonald, Pettibone Mulliken Corp., Chicage 
chairman of the chapter's pattern division 


Lawrence Winnings, Wag 
Decatur, Ill left) spoke casting porosity 
it the Chicago February meeting. G. Sliwinski 
Malleable & Steel Castings Co 


cero, IIl., chairman of the chapter 


tiv is on right 


National 


s malleable 
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Tri State Chapter 
High-Pressure Molding 


@ Green strengths in molding sands 
in excess of 10 psi result in ultimate 
green sand casting strength, T. E. 
Barlow, Eastern Clay Products Dept., 
International Minerals & Chemical 
Corp., Skokie, Ill., stated at the Feb 
ruary meeting. These high strengths, 
he said, are obtained by the use of 
bentonites in excess of 10 per cent. 
Organic and cellulose materials are 
then added. Although this type sand 
is harder to compress, it results in 
more stable molds resulting in more 
accurate ferrous and non-ferrous cast 
ings. 

William Chadwick, Manley Sand 
Co., Rockton, Tll., showed a film deal 
ing with sand segregation. 

Leslie O’Brien 


Michiana Chapter 
Automated Pouring, Molding 


@ Automation accomplished by the 
Buhrer method was explained at the 
February meeting by Alex Homberg- 
er, International Automation Corp., 
Ann Arbor, Mich. 

Complete automation exists from 
the initial sand in the drag part of 
the mold to the shakeout and return 
of flask to the molding station. Mech- 
anical-pneumatic principles are used 
to provide automated flexibility, using 
nine men where 60 were required 
previously. 

A maximum of 300 molds can be 
processed hourly. Production can be 
varied in small increments from the 
maximum of 300 hourly down to 
about 150 molds per hour minimum. 

Walt Ostrowski 


Western New York Chapter 
Automation in the Foundry 


@ Production of 300 molds hourly 
with nine men using an automatic 
pouring and molding installation was 
explained at the February meeting 
by William Iluminati, International 
Automation Corp., Ann Arbor, Mich. 
includes molding of 
molds; closing — of 
weighing-down — of 


Automation 
drag and cope 
molds; 


tom plate, cope and drag flask separa- 
tion and return; sand feed and _ re- 
turn 

Program cycling devices operate 
on the mechanical-pneumatic princi- 


ple. —Don Kreuder 
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molds;, 
pouring; mold cooling; shakeout; bot-} 





Daniel Chester, Archer-Daniels-Midland Co., 
Cleveland, spoke on Quality Control in the 
Coreroom at the February meeting of the 
New England Chapter. Chester pointed out 
that many of the difficulties with the COv and 
air-setting binders can be traced to deviation 
from recommended practices. Shown in photo: 
speaker Chester and New England Chapter 
President William N. Ohlson, Draper Corp., 
Hopedale, Mass 

J. H. Orrok and F. S. Holway 


Attending Northern California February meet- 
ing were Charles Schuerman, consultant, and 
Malcom McGregor, General Metals Corp., Oak- 
land, Calif 


Foundrymen talking with guest speaker at 
February meeting of Western Michigan Chap- 
ter. Left to right: Clifford Lonnee, Alloyed 
Grairon Castings Corp., Ravenna, Mich.; 
speaker George O. Pfaff, Wheelabrator Corp., 
Mishawaka, Ind.; Chapter Vice-Chairman E. J. 
Carmody, Engineering Foundry Inc., Cedar 
Springs; James C. Kurz, MODERN CASTINGS 

—Dan Connell 


Four visitors from other chapters attended 
the January meeting of the Northwestern 
Pennsylvania Chapter. Left to right: Herb 
Cutler, American Fire Clay & Products Co., 
and J. H. Sibbison, Jr., Kerchner, Marshall & 
Co., both from the Northeastern Ohio Chap 
ter; R. E. Turner, Queen City Sand & Supply 
Co., and G. F. Goetsch, Sterling National In 
both from Western New York 

Walter Napp 


dustries, Inc., 
Chapter 


Cincinnati Chapter 


Foundry Quality Control 


B Development and 
foundry quality control programs at 
the Indianapolis International Har- 
vester Co. plant were explained at 
the February Allen A. 
Evans. Examples of savings were cit 
ed as proof of the effectiveness of 


J. D. Claffey 


installation of 


meeting by 


the systems. 


Student and faculty of AFS Michigan State University Student Chapter. Left to right, front row 
Vice-Chairman Donald Wolfrum; Chairman George Shufelt; Advisor Dr. D. D. McGrady; Advisor 
Prof. C. C. Sigerfoos; Corresponding Secretary Frederick Slovinski; Secretary-Treasurer John C. 
Bierlein. Second row, left to right: John Domster; John Harbison; Tom Holz; Harry L. Murphy; 
Paul Das. Third row, left to right: Robert Williams; Richard Carpenter; Walter Rensel, Jr.; 


Milan Savich; Richard Williams, Ronny Merlington. 








Continuous injection of carbon into gray cast irons on a production basis was explained to 
Eastern Canada Chapter members at the February meeting by J. E. Rehder, Canada Iron Foun 
dries, Ltd. Left to right: Henry Lovette, Warden King Ltd.; George Turnbull, Canada ltron Foun 
dries Ltd.; Ewing Tait, Dominion Engineering Works, Ltd.; Ontario Chapter Chairman John 
Hughes, Steveson-Kellogg Ltd.; Eastern Canada Chapter Chairman Max Reading, Foundry Serv 
ices (Canada) Ltd.; J. E. Rehder, Canada Iron Foundries, Ltd.; Marcell Trottier, Quebec Iron & 
Titanium Ltd.; Raoul Desillets, Sore! Steel Foundries, Ltd.; Alf Lewis, Crestweld Mfg. Ltd.; Chapter 
Secretary Leo Myrand, Montreal Foundry Ltd Robert B. Hill 








Foundry mechanization on a small scale was explained at the January meeting of the Eastern 
Canada Chapter by H. W. Zimnawoda, National Engineering Co. of Canada. Reading left to 
right at speakers table are: R. B. Hill, Dominion Bridge Co. Ltd.; John Hunt, Canadian Bronze 
Ltd.; Marcell Trottier, Quebec Iron & Titanium Ltd.; Jack Moore, Canadian Bronze Ltd.; Chapter 
Chairman Max Reading, Foundry Services (Canada) Ltd.; speaker H. W. Zimnawoda; G. K. Scanlon, 
Canadian Foundry Supplies & Equipment Ltd.; Alf Lewis, Crestweld Mfg. Co.; Lucien Guilmette, 
Canadian Foundry Supplies Ltd.; Leo Myrand, Montreal Foundry Ltd 


4 


a ND. 


Shown at February meeting of Michiana Chapter are: Tom Reuwer, Sibley Machine & Foundry 
Corp., South Bend, Ind.; Vince Bruce, Frederic B. Stevens, Inc., Indianapolis; Stanley Kreszew- 
ski, Wheelabrator Corp., Mishawaka, Ind.; Alex Homberger, International Automation Corp 
Ann Arbor, Mich.; Robert Hull, Casting Service Corp., La Porte, Ind.; Howard Vorhees, Misha 
waka, Ind.; Bill Patterson, Elkhart Foundry & Machine Corp., Elkhart, Ind.; Emery Soose, 
Studebaker-Packard Corp., South Bend, Ind 


New Central New York members are flanked on left by past Chapter Chairman John Feola, 
Crouse Hinds Co.; and on right by National Director William D. Dunn, Oberdorfer Foundries 
Left to right are: Rudolph Ivanchak, Fay Foundry; John Cheny, Crouse Hinds Co.; Kenneth Shay 
and Robert Abend, Oberdorfer Foundries; Mortimer Meltzer and William Nicholson, Roth Smelt 
ing Co Cc. W. Diehl! 


Ontario Chapter 
Modern Foundry Refractories 


@ Research and 


grams in the refractories field were 


development — pro 


discussed at the January meeting by 
L. Gill, Harbison-Walker Refractories 
Co., Pittsburgh, Pa 
problems were also outlined 
Twenty-one students from McMas 
ter University and the University of 


Manufacturing 


guests of the 
made of the 
Products (Cana 


Dillon 


Toronto attended as 


( hapter. A tour was 
American Standard 
da) foundries \f 


A film on the Buehrer system of automation 
was presented at the January meeting of the 
Western New York Chapter by William tlum- 
inati, International Automation Corp Ann 
Arbor, Mich. On the left is Illuminati standing 
Chairman § J 
Worthington Corp., Buffalo, N. Y 

Walter Napp 


with Technical Santomieri, 


R. A. Clark, Electro Metallurgical C Div 
Union Carbide Cor; Cleveland on right 
; wallet from Pittsburgh Chapter Chair 

W. Sharp, American Steel Foundries 

Pa. Clark spoke at the Jan 
Metallurgy of Cast Iro 


ry meet 


' 
Walter Napp 


San Antonio Section 


Foundry Sands and Binders 


@ Art Zrimsek, Magnet Cove Barium 
Co., Des Plaines, Hl., at the Januar 
meeting, discussed foundry sands and 
binders. He 
on binders, sands and materials, The 
meeting was held at K. O. Steel 
Castings, Inc., San Antonio 


described tests mack 


Ie Aas 
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Ray Silva, Fairbanks-Morse Co., Pomona, Callif., 
addressed the Northern California Chapter in 
February on Air Set Process. Shown at head 
table are: Chapter Vice-President Donald C. 
Caudron, Pacific Brass Foundry of San Fran- 
cisco, San Francisco; speaker Ray Silva; Chap- 
ter President Gordon L. Martin, Atlas Foundry 
& Mfg. Co., Richmond, Calif.; Chapter Direc- 
tor B. F. McDonald, Pacific Graphite Co., 
Oakland, Calif 


T. E. Eagan, Cooper-Bessemer Corp., Mt. Vern- 
on, Ohio, spoke at the Northwestern Penn- 
sylvania Chapter in January on various grades 
of iron. Left to right are Technical Chairman 
J. D. James, Urick Foundry Co., Erie, Pa. and 
speaker Eagan. Due to the heavy snow, the 
scheduled speaker was unable to be present 

Walter Napp 


St dl 


Speakers table at February Tri State February 
meeting. Membership Chairman Frank M. 
Scaggs, Oklahoma Steel Castings Co., Div 
American Steel & Pump Corp., Tulsa, Okla.; 
Chapter Chairman Emmett F. Hines, Nemco 
Foundry Co., Div. Nelson Electric Mfg. Co., 
Tulsa, Oklahoma; speaker Tom Barlow, East 
ern Clay Products Dept., International Minerals 
& Chemical Corp., Skokie, IIl.; speaker William 
Chadwick, Manley Sand Co., Rockton, III; 
Chapter Vice-Chairman William Pitts, Okla 
homa Steel Castings Co., Div. American Steel 
& Pump Corp., Tulsa, Okla 


Central Michigan Chapter 
Cutting Blast-Cleaning Costs 


@ Ways of reducing blast cleaning 
costs were explained to members at 
the February meeting by G. O. Pfaff, 
Wheelabrator Corp., Mishawaka, Ind. 

Pfaff spoke on controlling blast 
cleaning efficiency, controlling abra 
standard operating 
and maintenance practices and cost 


sive losses and 


modern castings 


130 ° 


controls. In addition, a film “Steel 
Shot” was shown. Pfaff stated that ac- 
curate and comparative cost controls 
provide management the best assur 
ance of continued low cost and 
uniform high quality production. 


F. H. Hutchins 


Western Michigan Chapter 
Reducing Blast Cleaning Costs 


@ Abrasive costs constitute one of the 
major cleaning room expenses, any 
appreciable reduction in abrasive con 
sumption will automatically lower 
cleaning room costs and increase prof- 
its, G. O. Pfaff, Wheelabrator Corp., 
Mishawaka, Ind., told foundrymen at 
the February meeting. 

He recommended accurate and 
comparative cost controls as a means 
of obtaining low cost and uniform high 
quality production. To operate effi- 
ciently and economically, blast clean- 
ing equipment must throw the prop- 
er amount of the proper abrasive 
mixture in the proper place, he said. 


—Dan Connell 


afs | chapter meetings 


APRIL 


Birmingham District . . April 10 
Thomas Jefferson Hotel, Birmingham, 
Ala. . . M. H. Horton, Deere & Co., 
“Basic Cupola Operation.” 


British Columbia . . April 17 . . Leon’s. 
Vancouver, B.C. . . K. A. Skeie, Mag 
naflux Corp., “Castings Inspection for 


Profit.” 


Canton District . . April 2... Elks Club, 
Barberton, Ohio . . F. J. Pfarr, Lake 
City Malleable Co., National Officers’ 
Night and Film, “American Engineer.” 


Central Illinois . . April 6 . . American 
Legion Hall, Peoria, Ill. . . G. W. Ansel- 
man, Whirl Air Flow Co., “Pneumatic 
Handling Improves Sand Quality.” 


Central Indiana . . April 6. . Athenaeum, 
Indianapolis . . F. K. Baldauf, Wheel- 
abrator Corp., “What's New in Airless 
Blast Cleaning.” 


Central Michigan . . April 22 . . Hart 
Hotel, Battle Creek, Mich. 


Central New York . . April 24 . . Statler 
Hall, Cornell University, Ithaca, N.Y. . . 
A. H. Homberger, International Automa- 
tion Corp., Film, “Buhrer Automated 
Volding & Pouring Methods.” 
April 24 


Chesapeake Engineers’ 


Club, Baltimore, Md. Round Table 


and Casting Clinic. 


Chicago . . April 6 . . Chicago Bar Asso- 
ciation, Chicago . . Non-Ferrous Group: 
J. N. Atols, Atols Tool & Mold Corp., 
“Shaw Process for Casting Dies & Per- 
manent Molds’; Gray Iron & Pattern 
Group: J. F. Wallace, Case Institute of 
Technology, “Gating & Risering of Gray 
Iron”; Steel Group: F. W. Boulger, Bat- 
telle Memorial Institute, “Effects of He 
&N»o on Ductility & Porosity of Steel 
Castings”; Malleable Group: A. W. John- 
son, Northern Malleable Co., “Shell Cores 
& their Practical Uses’; Maintenance 
Group: F. Bergquist, National Malleable 
& Steel Castings Co., “General Foundry 
Maintenance Problems.” 


Cincinnati District .. No Meeting.® 


Connecticut . . April 28 . . Waverly Inn, 
Cheshire, Conn. . . G. W. Anselman, 
Whirl Air Flow Co., “Casting Defects.” 


Detroit .. No Meeting.® 


Eastern Canada . . April 10 . . Sheraton 
Mt. Royal Hotel, Montreal, Que. . . Steel: 
T. Niven, Canadian Steel Foundries, Ltd.; 
Iron: F. Sutherland, Dominion Engineer- 
ing Works, Ltd.; Bronze: R. Woods, Ca- 
nadian Bronze Co. Ltd., Panel Discussion 
on Chilling. 

Eastern New York . . April 21 . . Panet 
ta’s Restaurant, Menands, N.Y. 


Metropolitan Essex House, Newark, 
N.J. . . Purchasing: J. W. Foster, Inger- 
soll-Rand Co.; Engineering: A. R. Mead, 
Grumann Aircraft Eng. Corp.; Navy: W 
H. Baer, U.S. Bureau of Ships; “What 
Is Expected of Casting from Viewpoint 
of Purchasing, Engineering and Navy.” 


Mexico . . April 20 Ave. Chapultepec 
114, Mexico D.F. . . V. Nacher Todo, 
La Consolidada S.A., “Use of Oxygen 
in Open Hearth Furnaces.” 

Michiana . . No Meeting.® 

Mid-South . . April 10 . . Hotel Claridge, 
Memphis, Tenn. . . W. E. Jones, Josam 
Mfg. Co., “Hidden Foundry Costs.” 


Mo-Kan . . April 3 . 
Kansas City, Kan. 


Fairfax Airport 


New England . . April 8 . . Sloan Bldg., 
Massachusetts Institute of Technology, 
Cambridge, Mass. 


Northeastern Ohio . . April 9 . . Tudor 
Arms Hotel, Cleveland . . M. K. Young, 
U. S. Gypsum Co., “Plaster & Plastics 
Material for Foundry Industry.” 


Northern California April 13 ‘ 
Spenger’s, Berkeley, Calif... K. A. Skeie 
Magnaflux Corp., “Castings Inspection for 
Profit.” 


Northern Illinois & Southern Wisconsin 
.. April 14 . . Lafayette Hotel, Rock- 
ford, Ill. . . C. Schwyhart, Caterpillar 
Tractor Co., “Foreman Training.” 





Northwestern Pennsylvania . . April 27 

Amity Inn, Erie, Pa. R. W. 
Zillman, Pittsburgh Steel Foundry Corp., 
“Shooting CO» Cores.” 


Ontario .. No Meeting.*® 


Oregon . . April 15 . . Heathman Hotel, 
Portland, Ore. . . K. A. Skeie, Magna- 
flux Corp., “Castings Inspection for Prof- 
e” 


Philadelphia . . April 10 . . Engineers’ 
Club, Philadelphia . . S. F. Carter, Ameri- 
can Cast Iron Pipe Co., “Electric Arc 
Furnace Operation.” 


Piedmont .. No Meetiny.® 


Pittsburgh . . April 20 . . Hotel Webster 
Hall, Pittsburgh, Pa. . . C. A. Sanders 
American Colloid Co., “Casting Finish 
Precision & Tolerance.” 


Quad City . . April 20 . . LeClaire Hotel, 
Moline, Ill. . . A. Homberger, Interna- 
tional Automation Corp., “Buhrer Auto- 
mated Process.” 


Rochester . . April 7 . . Manger Hotel 
Rochester, N.Y C. A. Sanders, Ameri 
can Colloid Co., “Casting Defects—A 
Foundry Disease.” 


Saginaw Valley April 2. . Fischer’s 
Hotel, Frankenmuth, Mich E. E 
Braun, Central GMC 
“New Approach to Marketing Castings.’ 


Foundry Div 


St. Louis District . . April 9. . Edimond’s 
St. Louis . . J. Chahbandour, Carrier 
Conveyor Corp., “Application of Vibrat 
ing Equipment in Modern Foundry Prac 
tice.” 


Southern California .. April 10. . Rodger 
Young Auditorium, Los Angeles .. K. A 
Skeie, Magnaflux Corp., “Castings In 
spection for Profit.” 


Tennessee . . April 24 . . Patten Hotel 
Chattanooga, Tenn . J. Webb, Union 
Carbide Corp., “Effect of Research on 
the Future.” 


Texas April 24 Angelina Hotel, 
Lufkin, Texas . . Castings Clinic 


Toledo . . April 1 . . Heatherdowns 
Country Club, Toledo, Ohio J. A 
Babcock, Pickands Mathers & Co 
“Mining & Smelting of Taconite Ore.” 


Holiday Inn 
Round 


Tri-State April 10 
Motel, Oklahoma City, Okla 
Table Discussion. 

Twin City .. April 7. . Jax Restaurant 
Minneapolis . . T. E. Barlow, Eastern 
Clay Products Dept., International Min- 
erals & Chemical Corp., “Significance of 
Various Sand Tests.” 


Utah . . April 20 . . Covey Hot Shoppes 
Salt Lake City .. K. A. Skeie, Magnaflux 
Corp., “Castings Inspection for Profit. 


Engineers 


Washington . . April 16 


Club, Seattle . . K. A. Skeie, Magnaflux 
Corp., “Castings Inspection for Profit.” 


Western Michigan . . April 6 . . Schnit 
zelbank, Grand Rapids, Mich. . . Prof. 
Jenkins, Michigan State University, “Cre 
ative Thinking.” 


Western New York .. April 4... Trap & 
Field Club, Buffalo, N.Y. Annual 
Spring Dinner Dance. 


Wisconsin . . April 6 . . Schroeder Hote! 
Milwaukee . . A. H. Mogensen, “Work 
Simplification.” 

° Many Chapters have canceled April meeting 


to avoid conflict with AFS Engineered Castings 
Show. 


MAY 


Corn Belt . . May 
Beatrice, Neb 


° Steeple House 


Mo-Kan May | 
Kansas City, Kans. 


Fairfax Airport 


Piedmont . . May 1 Hotel O'Henry 
Greensboro, N.C RK. Carlson, Ameri 
can Cast Iron Pipe Co., “Cupola Opera 
tions.” 


Central Illinois . . May .. Vonachen’s 
Junction, Peoria, Ill C. E. Fausel 
Central Foundry Div., GMC, “Air Pollu 
tion Laws Affe cting Foundries and H 
J. Web« r, AFS, “The Noise Probl miu 


Foundries.” 


. May 4.. Athenaeum 
Indianapolis Panel: J. A. Crumley 
Deere & Co.; G. R. Slick, Beckett Bronz 
Co.; W. M. Grimes, Gartland Foundr 
Co., H. W Carmichael, Nonferrous 
Foundries Inc - O # Wilhe Im LD leo 
Remy Div., GMC. Moderator: R. Ficken 
worth, Bruce-Conreaux Co., “Know Your 
Local Area Foundries” and Past Chair 
men’s Night 


Central Indiana . 


Chicago . . May 4. . Chicago Bar A: 
SOc iation Chic ago ° \ Hombe rer 
International Automation Corp. Film 
“Buhrer Automated Molding & Pouring 
Methods.” 


Metropolitan . . May 4 . . Essex Hous: 
Newark, N.J. J. Mikulak, Worthing 
ton Corp. and L. Palmer, American Meta 
seal Corp., “Welding & Impregnation of 
Pressure Castings 


Western Michigan . . May 4. . Bill 
Stern’s Restaurant, Muskegon, Mich I 
Hines, “Foundry Costs 


Rochester . . May 5. . Manger Hotel 
Rochester, N.Y Election of Officer 


Saginaw Valley .. May 7. . Fisches 
Hotel, Frankenmuth, Mich oe 
erfoos, Michigan State University, “Cen 
tral American Foundries 


Western New York . . May 7. 
Hotel, Buffalo, N.Y 
bord Dinner 


Sheraton 
Annual Smorgas 


Birmingham District . . May 8 . . Bir 
mingham, Ala J. Delisa 
Electric Co., “Nondestructive Testing of 
Castings.” 


General 


Central New York . . May 8 
Country Club, Syracuse, N.Y 


. Drumlin’s 


Mid-South .. May 8. . 
Me mphis re nn 


Claridge Hotel 
Election of Officers 


Philadelphia . . May 8 Engineer 
Club, Philadelphia M. A. Cavanaugh 
Budd Co., “Peventive Maintenacé 


Southern California .. May 8 . . Rodwer 
Young Auditorium, Los Angeles kK. | 
Sheckler, Calmo Engineering Co Re 
fractories 


Uses in the Foundry.” 


rri-State .. May 8 .. Alvin Plaza Hotel 
Pulsa, Okla W. R. Jaeschke, Whitin 
Corp., “Cupola Practice.” 


May 8... Schroeder Hotel 
Old Timers’ and Appren 


Wisconsin . . 
Milwaukee 
tices Night 


Central Ohio . . May I! 
Hotel, Columbus, Ohio 


seneca 


Cincinnati District May 11 Hotel 
Alms, Cincinnati B.D. Clatley, G.LLR 
Foundry, Div. Dayton Malleable Iron Co 
“Shell Molding & Shell Coremaking 


Northern California .. May IL. . Spen 
ers, Berkeley, Calif Heat Treat 
Panel 


Twin City .. May 12 Jax Restaurant 
Minne ipoli QO. J. Myer Reichhold 
Chemicals, Inc., “Resin Core Binder 


Northeastern Ohio . . May 14. . ‘Ludo 
Arms Hotel, Cleveland 
Night— Apprentices, Old Timers, National 
Officers, Past Chairmen 


Recognition 


St. Louis District .. May 14 dimond 
Restaurant St Loui ( \ Na 

Beardsley & Piper Div Pettibone Mulli 
ken Corp., “Mechanization of Molding 


Pittsburgh . . May 17 Webster Hall 
Hotel, Pittsburgh, Pa |. W.. Earls 
1. S. McCormick Co., Educational Meet 


ing, Also Honoring 50-year Men 


Central Michigan . . May 20 
Hotel. Battle Creek, Mich 


Oregon . . May 20 Heathman Hotel 
Portland, Ore Mecting. Pri 
gram in Conjunction with Oregon Stat 
College Student € hapter 


Busine 


Detroit May 21 Wolverine Hotel 
Detroit Kk. J. Mape Pickands Math 
& Co., “Horizons North 
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CO2 Process 
Breaks The 
Size Barrier 


James W. HAMBLEN 
Cardox Division 
Chemetron Corp., 
Chicago 


The 30-in. valve shown here is the 
largest single piece to be cast at Okla- 
homa Steel Castings Co., Tulsa, Okla., — 
Inside view of 30-in. valve casting with heads 
using cores produced by the COs and gate removed. Fewer cracks and cleaner 


foundry _ process When the 4410-Ib surfaces were observed on all sizes of castings 
. : produced with the COs process. 


valve was first cast in 1957, we knew 

of no valve casting of similar size having been attempted with the CO. process. 
Prior to proving the feasibility of casting such large valves with CO. cores, 

Oklahoma Steel limited their use to a maximum size of 6-in. valves weighing 50 Ib. 
The CO. process was introduced at Oklahoma Steel Castings in June 1955 

and has since grown to be the major coremaking method used in this foundry. 

The chief advantages of this system are: |) finer finishes, 2) much higher degree 

of dimensional accuracy, 3) definite reduction in production costs, and 4) greater 


flexibility in production schedules because of elimination of long baking cycles. 


Drag core weighing 2700 Ib is being set into the The cope half of the core has been set and pasted on 
mold. Core was produced on wooden shell patterns the drag half, ready for the mold cope to be set and 
and CO. gassed for about 25 minutes. clamped in place for pouring. 
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The "Banjo" 


Casting made by Riverside 
Foundry for gear housing of 


four wheel drive truck 


Coasting this gear housing presented problems. Yet 
it had to be sound because it was destined for 
service in rugged, four-wheel drive trucks. 

To be sure that it would be ready for its job, the 
Riverside Foundry, Bettendorf, Iowa, x-rayed the 
pilot castings. The radiographs showed shrinkage 
and dirt inclusions. Changes in casting technic 
followed. Radiography proved the difficulties 


were overcome. 


This is another example of how radiography 
quickly points the way to sound production—pro- 
vides assurance that only high-quality work ts 
delivered. 

This is the way to build business. You should 
take advantage of radiography. If you would like 
to know how it can work profitably for you, talk 
it over with an x-ray dealer or write for a Kodak 
technical representative to call. 


Radiograph reveals shrinkage and dirt 


X-ray Division .. . EASTMAN KODAK COMPANY . . . Rochester 4, N.Y. 


Speeds up radiographic examinations. 
Gives high radiographic contrast, increased detail 
and easy readability at all energy ranges. 
Provides excellent uniformity. 
Reduces the possibility of pressure 
Industrial X-ray Film desensitization under shop conditions. 
Type AA 
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INVESTMENT CASTINGS GIVE YOU... 


— DESIGN FLEXIBILITY —CLOSE DIMENSIONAL TOLERANCES 


— DETAILED REPRODUCTION —A WIDE SELECTION OF ALLOYS 


If you have not already investigated investment castings. we invite you to do so now. Following is a listing of 
manufacturers of investment castings who are members of the Investment Casting Institute, the national trade as- 
sociation of their industry. We invite you to communicate directly with these manufacturers concerning your 


interest in investment castings. 


All Metals Precision Casting Corporation, 18 School Street, Yonkers, New York 

Bone Engineering Corporation, 701 West Broadway, Glendale 4, California 

Casting Engineers, Inc., 2323 North Bosworth Avenue, Chicago 14, Illinois 

Centrifugal Casting Company, 147 West 42nd Street, New York 36, New York 

Connecticut Investment Casting Corporation, Island Road, Stonington, Connecticut 

Cruc'ble Steel Company of America, P.O. Box 32, Harrison, New Jersey 

Dean Casting & Manufacturing Company, 2831 Second Avenue S., Minneapolis, Minnesota 

Deloro Smelting & Refining Company, Deloro, Ontario, Canada 

Electronicast Division, Nilsen Manufacturing Company, 21 N. Church St., Addison, Illinois 

Engineered Precision Casting Company, Box 68, Matawan, New Jersey 

General Electric Company, Foundry Dept., One River Road, Schnectady, New York 

Gray-Syracuse, Inc., West Seneca Street, Manlius, New York 

Harcast Company, Inc., 620 E. Glenolden Avenue, Glenolden, Pennsylvania 

Hitchiner Manufactur'ng Company, Inc., P.O. Box 232, Milford 12, New Hampshire 

Humphrey Castings, Inc., 3944 Riley Street, San Diego 10, California 

IHinois Precise Casting Company, 903 North Spaulding, Chicago 51, Illinois Investment Casting 
Investment Casting Company, 60 Brown Avenue, Springfield, New Jersey ENGINEERING d 
Jelrus Precision Casting Corporation, 615 West 131st Street, New York 27, New York an 
Lawrence Laboratory, 1668 Euclid Street, Santa Monica, California DESIGN MANUAL 
McPherson Precision Castings, 1361 South Broadway, Denver 10, Colorado 

Mercast Corporation, 2620 First Street, LaVerne, California 

Misco Precision Casting Company, 116 West Gibbs, Whitehall, Michigan 

Precision Castparts Corporation, 4600 $.E. Harney Drive, Portland 6, Oregon 

Precision Founders, Inc., 414 Hester Street, San Leandro, California [i 

Precision Metalsmiths, Inc., 1081 East 200th Street, Cleveland 17, Ohio 

Supreme Precision Castings, Ltd., 550 Montee de Liesse, St. Laurent, Montreal, Que. Canada 

K. W. Thompson Tool Company, 20 Denton Avenue, New Hyde Park, 1.1., New York 

Trvecast Division, Pointer Tool Company, 1379 South 7th Street, Louisville, Kentucky 

York Castings, Inc., 32 Latta Road, Rochester 12, New York 

Z and H Manufacturing Company, 31 Welcher Avenue, Peekskill, New York 


SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSCCCHCCCSCCCCCCSESCSECESEEECLE 
Obtain your copy now by sending your check for $2.00 and your order to 


INVESTMENT CASTING INSTITUTE 





27 East Monroe Street Chicago 3, Illinois 


Circle No. 179, Page 167-168 
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YOU’LL FIND GOLD 
IN THIS NEW 25 POUND OLIN ALUMINUM INGOT! 





28/4" 














Now, a 25 pound ingot from Olin Aluminum. 
Consider its advantages for you! 


Smaller size. Easier to store, easier to gauge metal supply for 
closer control. 

Lighter weight. 25 Ibs. vs. 30 Ibs. Greatly increases handling 
efficiency. 

Deeper notches. Easier to break. Saves time, eases work load. 


More sections. 3 notches, 4 sections vs. 2 notches, 3 sections. 
Reduces waste. 

Same price per pound as 30 Ib. ingot. Olin Aluminum is the 
only prime supplier producing a 25 pound ingot, and at no 
additional cost. 

America’s new major aluminum producer, Olin Aluminum, is 
also the newest source of profitable ideas for foundrymen. 
Take advantage of it. Contact your nearby Olin Aluminum 
Sales Office or Authorized Distributor of casting alloys. 
Ask for our pig and ingot technical data bulletin. 
Metals Division—Olin Mathieson Chemical Corporation, 
400 Park Avenue, New York 22, New York. 


Symbol of New Standards of Quality 
and Service in the Aluminum Industry 


Circle No. 180, Page 167-168 
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the GEFSCORP 
INTER-LOCK 
BORDER 


ORDER — SCIENTIFIC 
*GEFSCORP MATCHPLATES 


“BEST LOCK YET" SAY FOUNDRIES 
— A Serious Improvement Worth a Try — 


THE SCIENTIFIC CAST PRODUCTS CORP. 


CLEVELAND CHICAGO 
1390 E. 40th 2520 W. Lake 
*Mf'd under licence from GEFSCORP, Cal 
See us at Booth 1119 Engineered Castings 
Show ... Welcome to our Chicago Plant. 
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“OLIVER” 


NO, 382-DD 
20-Inch Double Disk 
Sander 


and Nonferrous Grinder 








Pattern Maker's Friend . . . easy to 
set, easy to run. . . compact, rigid, 


accurate. Also available as single disk, 
No. 382-D. With combination gauge, 
does circular, segment and duplica- 
ting work, Converts for grinding non- 
ferrous alloys. Send for illustrated 
folder, 








OLIVER 


MACHINERY COMPANY 
GRAND RAPIDS 2, MICHIGAN 
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Whiting Corp. Presents 


@ A complete scale model of a mod 
ern gray iron foundry was presented 
to the University of Illinois, Navy Pier 
Branch, Chicago, as a gift from the 
Whiting Corp., Harvey, Ill. Occupy- 
ing a platform 8 ft x 8 ft, the minia 
ture foundry has been appropriately 
erected in one of the laboratories 
where foundry practices are taught. 

Picture shows Gordon E. Seavoy 
vice-president, Whiting Corp., mak 
ing the official presentation to Prof 
Roy W. Schroeder (on left) who heads 
up the various courses on metalcast 
ing technology at the university. Th 
vift was a tribute to the extensive 
success of Prof. Schroeder in encour 
aging students to follow careers in 
the foundry industry. 





Model ~ 


Foundry 


Built at a cost of over $35,000 
the miniature foundry (scale is } 
to the foot) has many operating com 
ponents such as a scrap unloading 


2 mM. 


magnet on an overhead crane, 
charge bucket transfer car and a cu 
pola charger. Raw materials are shown 
coming into the storage yard on rail 
road cars and being unloaded into 
bins. 

Melting equipment consists of two 
108-in. hot-blast cupolas with dust 
suppression facilities and a_ 10-ton 
electric-arc furnace. Students will be- 
come familiar with efficient plant lay 
out, modern materials handling tech 
niques and latest metalcasting methods 
with this unique teaching tool avail 


able. 





4 6 \finger on 4“ 
Bo Cleaning’ ““\...-"" LAS 
and peening’” i 
“costs!” “ 


Q™ experienced engineers are available to make practical 


suggestions on the efficient operation and maintenance 
of your equipment. 

Our simple daily cost record determines the most efficient 
type of abrasives for you to use, and equally important, 
proves the kind of economies Cleveland Metal Abrasive 
can offer. 

Many customers are already using the Cleveland cost sys- 
tem. Write us today for more information, together with new 
catalog No. 159, or call our nearest representative. 


CLEVELAND is the name and the place for PERSUASIVE ABRASIVES 





1. Realsteel Shot and Grit 2. Pearlitic Malleable 3. Normalized 
4. “A” lron 5. Hi-Strength ''B"’ 6. Chilled Iron 7. Cut Wire 








the CLEVELAND metal abrasive company 


GENERAL OFFICE: 888 East 67th Street © Cleveland 3, Ohio © PLANTS AT Howell, Michigan; Toledo; Cleveland 


World’s Largest Production Capacity 
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MALLEABLE FOUNDERS’ SOCIE- 
TY... held its 4th Annual Technical 
& Operating Conference, Feb. 18-19, 
Cleveland. Over 100 malleable iron 
foundrymen absorbed two days of top 
technology arranged for by program 
Chairman Lyle R. Jenkins, Wagner 
Castings Co. After words of welcome 
from R. W. Crannell, Society presi 
dent, the Conference discussed: 
Metal: I’. W. Jacobs, Texas Foun- 
dries, served as chairman of this ses 
sion. The considerations in “Select- 
ing Pearlitic Malleable Manufacturing 
Equipment” was elaborated on by D. 
L. LaMarche, Jr., American Mallea- 
ble Castings Co., N. N. Amrhein, 
Federal Malleable Co., and L. E. 
Emery, Marion Malleable Iron Works. 
LaMarche told about their economy 
size installation suited for the plant 
just starting to break into the pearlitic 
field. 

Amrhein described their thorough 
evaluation of equipment available 
on the market prior to making any 
purchase. Emery used slides to show 
all construction details of “Big Ber- 
tha’—their new 220 ft long, $800.- 
000 heat treating furnace which rep 
resents about the ultimate in mech 
anization and automation, The metal 
session was concluded by J. T. Bryce, 
Albion Malleable Tron Co., speaking 
on “Effect of Melting and Heat Treat- 
ing on Temper Carbon.” Highlights of 
his talk revealed that . . . boron can 
he a graphitizer below 0.1 per cent 
and a carbide stabilizer above 
first stage anneal determines graphite 
shape but not the number of nuclei 

. slow heating in first stage anneal 
increases carbon nodule count. 
Foundry: This second session was 
chairmanned by A. Johnson, Northern 
Malleable Tron Co. First speaker was 
C. A. Sanders, American Colloid Co., 
on the subject “Problems of Hot Mold 
ing Sand.” After discussing the causes 
of pinhole porosity, Sanders told the 
problems associated with hot sand and 
how to circumvent them. The second 
speaker, L. H. Ravitch, Central Foun 
dry Div., GMC, told how to achieve 
“Better Casting Design through 
Stress Analysis.” By using brittle lac- 
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quer and strain gage techniques, op 
timum casting designs are determined 
before parts go into production at 
GMC. 

Third on this program was L. C. 
Marshall, Link-Belt Co., relating 
“Progress in Machinability Research.” 
Ir. Marshall said, “Most important 
properties of materials probably are: 
microstructure, chemical composition 
and manufacturing process .. . for 
certain operations, oxide tools demon 
strate a marked superiority.” 
Inspection & Testing: This third 
session was guided by Chairman P. F. 
Ulmer, Link-Belt Co. Lead-off man 
was E. F. Price, The Dayton Mal 
leable Iron Co., telling about “Inspec 
tion to Satisfy Customer Require 
ments.” While the speaker described 
cleaning room problems caused by 
poor foundry practices, sample cast 
ings were passed around the room 
for visual demonstration. Second 
speaker R. C. MeMaster, Ohio State 
University, described all the modern 
techniques of “Nondestructive Test- 
ing.” The latest improvements and the 
ry operations were discussed. 
Personnel: The concluding session 
had J. C. Goetz, Acme Steel & Mal- 
leable Iron Works, as the chairman. 
“Could your foundry have used 
$600,000 more profit during the past 
six years?” If the answer is “yes,” then 
you should take a close look at the 
“Work Simplification Program” that 
netted this remarkable result for Texas 
Foundries, Inc., Lufkin, Texas. Jack 
Irish of Texas Foundries described 
their successful program. Next speak 
er was an industrial psychologist, Dr. 
E. C. Nevis, Personnel Research & 
Development Corp. with the subject, 
“A New Approach to Personnel Se- 
lection.” Tests are being given to eval- 
uate job applicants, to improve use 
of present employees, and to improve 
job performance. Concluding speaker 
was D. B. Fulton, Northern Malleable 
Iron Co., telling the problems of “Ful- 
filling Promises of the Sales Depart- 
ment.” He advised foundrymen to be 
especially careful in shipping only 
good castings because one bad one can 
spoil reputation of many good ones. 


NON-FERROUS FOUNDERS’ SO- 
CIETY disclosed details of a 
broad marketing program for the non- 
ferrous castings industry at a Man- 
agement & Operating Conference, 
Jan. 30, at the Indianapolis Athletic 
Club, Indianapolis. N.F.F.S._ presi- 
dent, P. E. Lankford, treasurer, East 
Birmingham Bronze Foundry Co., 
Birmingham, Ala., reported on work 
of three Society committees—market- 
ing, technical and cost—which are 
participating in the N.F.F.S. market 
ing program. 

“Quality standards, dimensional tol- 
erances and surface finishes under 
study by the technical committee will 
lead to the promulgation of a set of 
casting standards,” Lankford predict 
ed. “These will help 
founders and their customers reach 
agreement on quality.” 


non-ferrous 


DUCTILE IRON SOCIETY... for 
mulated by-laws at an organizational 
meeting held in Cleveland February 
9. R. S. Thompson, H. P. Deuscher 
Co., Hamilton, Ohio, presided at the 
sessions at which by-laws were drawn 
up for approval of the membership of 
51 foundries in the U.S. and Canada. 
Assisting in the organizational meet 
ing was James H. Lansing, castings 
consultant, Shaker Heights, Ohio, who 
serves the new group as_ consultive 
executive secretary. A general meet 
ing of the organization will be held 
in the immediate future. 


AIRCRAFT CASTINGS ASSOCIA- 
TION foundries have 


formed this new group to promot 


seven 


increased use of ferrous castings in 
the aircraft, missile and related in 
dustries. A. M. Slichter, Pacific Alloy 
San Diego, Calif. 
president of 


Engineering Corp., 
has been elected first 
the organization which will headquar 
ter in Los Angeles. Member firms 
are: Electric Steel Foundry Co., Gen 
eral Metals Corp., Hanford Foundry 
Co., Lebanon Steel Foundry, Pacific 
Alloy Engineering Corp., Stanley 
Foundries, Ine., and Symington 
Gould Div., Symington Wayne Corp. 
Corp. 


FOUNDRY EDUCATIONAL FOUN- 
DATION ... Board of Awards has 
announced five F.E.F.-Wheelabrator 
Fellowship winners for 1959. The 
fellowships, valued at $1500 each, 
were awarded on basis of outstanding 
academic achievement, interest in the 
cast metals industry, leadership and 
personality characteristics and profes 
sional potential. Winners are: 
® ©. A. Rowe, Coraopolis, Pa., 
ing metallurgical engineering at Mas 


study 


Continued on page 156 





- OLDEST KNOWN  DIETERT-DETROIT 


SAND STRENGTH UNIT II TI RI-1) 


QD 


Harry W. Dietert Co. recently conducted a 
contest to find the oldest Dietert-Detroit 
Sand Strength Machine in daily use. 157 
foundries reported on a total of 164 old- 
timers in the 20 to 30 year life range. The 
unit shown at left bears serial No. 2048. 
It was sold in 1928, was discovered at 
Clio Foundry, Clio, Michigan, in daily use, 
and going strong —attesting to the strength, 
durability and accuracy of foundry testing 
equipment bearing the Dietert name. 


REPLACED 


Dietert-Detroit 

Serial No. 2048 

- strength machine 
tested green compression 
and shear strength only 


MODEL 405 ' 
DIETERT-DETROIT 
Universal Sand Strength Machine 


Harry W. Dietert Co. reserved the right 
to retire the 30-year unit, while Clio 
Foundry received as first prize a new 
Model 405 Dietert-Detroit Universal Sand 
Strength Machine. Operating instructions 
were transmitted in 30 minutes. Write 


now for details. 
Greater capacity, sensitivity, 
and accuracy than any other 


instrument of its kind. F: HARRY W. DIETERT CO. 


9330 Roselawn, Detroit 4, Mich. 
Gentlemen: 
Send me facts on the No. 405 Dietert-Detroit 

Universal Sand Strength Machine 
MOLDING SANDS CORE SANDS 
(a) Green Compression (a) Green Compression 
(b) Dry Compression (b) Baked Tensile Title 
(c) Green Shear (c) Baked Transverse 
(d) Dry Shear (d) Baked Transverse Deflection 
(e) Green Tensile SHELLS 
(f) Deformation (a) Tensile Strength City 
(g) Toughness (b) Transverse Strength 


Name 


Company 


Address 
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How to make 
a Poucaat casting... 


... Start with V-5 Foundry Alloy! Vancoram V-5 Foundry Alloy is a 
special chromium alloy ideally balanced with manganese and silicon. It makes the improvement 


of gray cast irons easy and economical. Only a small addition improves mechanical properties, 


density, uniformity. Chill is reduced, too, without the formation of open structure in heavier sections. No chilled 
corners or edges, either. End results? Dense, tough castings of controlled microstructure which machine superbly! All 
the facts about this unique, better alloy for irons are contained in our V-5 Foundry Alloy brochure. Write for your 
copy...or call your nearest VCA District Office. Vanadium Corporation of America, 420 Lexington Avenue, New 


York 17, N. Y. + Chicago + Cleveland + Detroit + Pittsburgh 


Vancoram Products for the Iron Foundry are also distributed by: Paciric MetTats Co., LTD. + STEEL SALES CORPORATION 
J. M. Tutt Metat & Suppty Co., INC. » WHITEHEAD METALS, INC. + WILLIAMS & COMPANY, INC. 


ews VANADIUM 
hess ststers muteentstomen AOS, CORPORATION 
m= OF AMERICA 


Be sure to visit our booth (#313) at the Engineered Castings Show, Hotel Sherman, Chicago, April 13-17. 
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Hipn needs call for Sintering 
Pon tindnere for just the right Furnace 


As it does in all types 
of industrial heating equipment; 
Lindberg provides a complete line 
of sintering and brazing furnaces. 
Here is one of our latest: 











A new Lindberg development, this Molyb- 
denum Element Atmosphere Pusher Fur- 
nace is designed with high temperature 
refractories suitable for low dew point 
without need for a muffle. It is now being 
used for sintering stainless steel compacts 
in hydrogen or dissociated ammonia. 
Ammonia dissociator and control panels 
are shown at the right of the furnace 
below. In this installation hydrogen sup- 
ply cylinders are located outside the build- 
ing. Furnace provides side loading and 
discharge ports with purging chambers. 
Work trays, ceramic slabs or molybdenum 
boats, move through the furnace by hy- 
draulic pusher. If you have a sintering 
or brazing problem why not talk it over 
with Lindberg. Just get in touch with your 
nearest Lindberg Field Representative or 
write us direct. Lindberg Engineering 
Company, 2440 West Hubbard Street, 
Chicago 12, Illinois. 


Se 














heat for industry 
Fe Ai, Al, 
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Division of Cromb & Gagel, Inc. 
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by Americ. of course 


Added strength and rigidity of these flasks by 
American lies in the inside corrugation. American 
INSIDE STRENGTH of the 14” walls actually 
assures more rigidity than other type reinforce- 
ments, more resistance to squeeze of air pres- 


sure. Inside corrugation of the walls assist in 
holding sand—makes for easier shake out, and 
means that the flasks will maintain their shape 
and pincenters — give better, longer service. 


*® Sturdy, durable streamlined design 
% Low Maintenance Cost *% Easier to Handle 


The number of inside corrugations is determined 
by depth of sections. For extreme pressure, sec- 
tions may also be furnished with American's 
special channel welded reinforcement. 


AFFCO superior flasks are the result of over 25 
years research and best possible workmanship. 
Write for our new, complete Flask Catalog. 


Our facilities assure you of prompt fabrication and 
quick shipment of your orders 


.e) 


AMERICAN 

FOUNDRY 

PLASK 

COMPANY 

2745 SOUTHWEST BLVO., 
KANSAS CITY 8, MO. 
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M. HOLTZMAN 
METAL CO. 


SMELTERS AND REFINERS 
SINCE 1900 


SSS 


HOLMCO 


SSS 


GUARANTEED Brass, Bronze and 
ALUMINUM INGOT to your specifico- 
tions IMPROVED WITH FACTOR “X”! 


Send us a sample order! If you want to 
improve the quality of your finished 
products at no additional cost... let us 
show you what HOLMCO ingot, im- 
proved with Factor ‘‘X’’ can mean to you! 


5223 McKISSOCK AVE., ST. LOUIS, MO. 
CHestnut 1-3820 
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Save Money with RUDOW 
STRAINER CORES 


j 


Custom Made «¢ Will Duplicate Your Sample or 
Drawing © Unlimited Design Range « High Heat 
Resistance ¢ Extra Hard ¢ Saves Time-—Trouble 


RUDOW quality Strainer Cores cut rejects, cut 
costs, keep castings free of oxides, slag and im- 
purities—simplify gaiting control and metal flow, 
for greater production. We offer you Free Sam- 
ples of RUDOW Strainer Cores—made like your 
sample, or from your drawing. Write today — or 
phone MAin 6-1163. 


RUDOW MANUFACTURING CO. 


2602 Venice Rd. « P.0. Box 2121 * SANDUSKY, OHIO 
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SEND 
FOR FREE 
BULLETINS, 





NATIONAL 
DUST HOOD 
Can be equipped for 
air exhaust. Is dust 
tight, equipped with 
large inspection and 
service doors. 





THE NATIONAL UTILITY 
SAND CONDITIONING SYSTEM 


NATIONAL 
BUCKET LOADER 
Readies full, prop- 
erly measured batch 
for mixer. Compact, 
requires little floor 
space. Available for 

all Mix-Mullers. 


ej —EE— 


CUSTOMER'S NATIONAL 


FRONT END LOADER SCREENMASTER 
Eliminates all 1 han- An essential heavy-duty, 
dling of sand. Or unit can lump breaking, screening 
be arranged to be charged and magnetic separation 
from hopper, bin or belt. unit. Requires no pits or 

special foundation. 





SIMPSON 
MIX-MULLER 
Standard of practical 
foundrymen for al- 
most 50 years. Avail- 
able in production ca- 
pacities of 300 to over 
4,000 Ibs. per batch. 


NATIONAL AERATOR 
Positive, controlled 
aerating machine. No 
separation or strip- 
ping of bond. Avail- 
able for all models 
of Mix-Muller. 


Now...any foundry can afford to 





mechanize their sand preparation 


The National Utility Unit is an expandable sand preparing unit 
designed to increase output at welcome savings in time and labor 
. . . without major expansion and physical plant change and without 
the major “all out’”’ expenditure necessary for full mechanization. 

The Utility Unit is geared to grow with you . . . and your profits. 
Its extreme flexibility makes it particularly well suited for the job- 
bing foundry. Its record of performance in leading foundries through- 
out the country since 1934 include some of the outstanding savings 
documented at right. The basic equipment components, all National- 
engineered, are described in the drawing above. A bulletin describing 
the many equipment components available in more detail is available 
upon request. And your man from NATIONAL can show you, by 
your own foundry records, how the Utility Unit can pay for itself in 
savings, in as little as two years’ time. Write for details. 


NATIONAL ENGINEERING COMPANY 


630 Machinery Hall Bldg. 
Chicago 6, Illinois 
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TYPICAL SAVINGS BY USERS 
OF NATIONAL UTILITY UNIT: 


Six men now do the work of 12... 
$15,000 savings in manpower alone in 
first year of operation . . . earnings of 
operators up—overtime down. Mix-Muller 
prepares more sand in 6 hours than pre- 
vious equipment did in 12... unit paid 
for itself in 2 years of operation. 

* Jobbing foundry, Indiana 

Saved over $25,000 in 1956... Work- 
ing conditions improved 100% ... Now 
clean a 500 ft. long floor in 3 hours— 
formerly took entire 8 hour shift... 
Save about $5.40 per ton of casting... 
‘Sand conditioning operations now close 
to a mathematically controlled process” 
. .. Utility Unit amortized in 3 years’ time. 

*Midwestern foundry. 
*Nomes of these users and other evidence of 
Utility Unit performance are available. Your 


NATIONAL agent con arrange for you to visit 
a National-equipped foundry in your crea. 
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PRODUCT STANDARDS 
DIE CASTINGS 


FOR ECONOMY IN DIE CASTING 
The ADC! PRODUCT STANDARDS FOR 
DIE CASTINGS MANUAL is designed to 


help product engineers to get the most 


from the die casting process. 


The ADCI DIE CASTING INDUSTRY 
SAFETY MANUAL is designed to improve 
operating safety in die casting plants. 
These MANUALS are available from the 
address below at $5.00 each. 


FOR SAFETY IN DIE CASTING 


3 SYMBOLS TO GUIDE 
DESIGN ENGINEERS 


MEMBER COMPANY OF THE 
AMERICAN DIE CASTING INSTITUTE 


The national association of the custom die casting industry. 
The qualified ADCI members produce over 75% of 
the nation’s annual volume of aluminum, magnesium, zinc 


and copper alloy die castings produced for sale. 


A PARTICIPANT IN THE 
CERTIFIED ZINC ALLOY PLAN 


QUALITY 


The CZ Plan was developed by the American Die Casting 
Institute to permit you to select, with confidence, 

your supplier of zinc die castings. The CZ symbol is your 
assurance that the castings you buy will meet ADCI 


and ASTM standard specifications. 


oe oP*S”, 
roy @ 
RESEARCH A PARTICIPANT IN THE 


4 2 
G ROWTH 4 e DIE CASTING RESEARCH 


Onppt® 
FOUNDATION 


\ By 
PARTICIPANT 


These die casting suppliers have behind them the vast 
knowledge of improved die casting procedures being 


accumulated through the Die Casting Research Foundation. 


AMERICAN DIE CASTING INSTITUTE 366 MADISON AVENUE, NEW YORK 17, N. Y. 
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Technical translations of Russian 
and other technical material are includ- 
ed in new government publication. For 
more information about this service, use 
circle number below. Office of Technical 
Services, United States Department of 
Commerce. 
Circle No. 37, Page 167-168 


Alloying ingredients . . . for production 

of alloyed steels and irons described in 

booklet. Alloy Metal Products, Inc. 
Circle No. 38, Page 167-168 


Iron and steel scrap .. . fact sheet in 
folder form answers many questions about 
scrap. Institute of Scrap Iron & Steel 
Inc., Committee on Bankability. 

Circle No. 39, Page 167-168 


Cutting and grinding trends and 
advances reviewed in new _ periodical 
which includes metalcasting information. 
Simonds Worden White Co. 

Circle No. 40, Page 167-168 


Melting guide . . . helps select immer- 
sion heaters, controls and melting pots 
for solder, babbitt, etc. General Elec- 
tric Co. 

Circle No. 41, Page 167-168 


Wood and metal pattern . develop- 
ment and production fully described in 
12-p booklet. Motor Patterns Co 

Circle No. 42, Page 167-168 


Core processes . . . reprint, six pp, dis- 
cusses four major core making processes 
with a comparison of advantages and 
disadvantages of each. Archer-Daniels 
Midland Co. 
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Sand recovery system, pneumatic, 
outlined in 4-p bulletin. National Engi 
neering Co. 

Circle No. 44, Page 167-168 


Casting alloys development and 
standardization in the United States is 
subject of 16-p booklet. Use circle num- 
ber below. WaiMet Alloys Co. 
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Electric vibrator . . . for vibrating 

foundry material in bins, hoppers and 

chutes covered in catalog. Syntron Co. 
Circle No. 46, Page 167-168 


Casting alloy .. . high strength, ductile, 
outlined as to melting, casting and heat 
treating. Specifications and properties 
listed. Kaiser Aluminum & Chemical 
Sales, Inc. 
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Machining manual . . . 22-pp, contains 
guide for machine feeds and speed, in- 
cludes quantity-weight slide rule calcu- 
lator, and other basic information. Kaiser 
Aluminum & Chemical Sales, Inc. 
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Electric furnaces . . . fully automatic 
laboratory models featured in data sheet. 
Thermo Electric Mfg. Co. 

Circle No. 49, Page 167-168 


Refractory binder . . . will set at tem 
peratures above 150 C. Discussed in 
brochure. Philadelphia Quartz Co. 

Circle No. 50, Page 167-168 


Build an idea-file for improvement and profit. 
The post-free cards on the last page 





Photo-drawing technique . . . said to 
offer easier and more effective use of 
engineering drawings. Technical Repro 
duction Service. 
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Cranes designed to provide big- 

crane performance at reportedly lower 

price described in brochure. Hoist, tro- 

ley and bridge types. Whiting Corp 
Circle No. 52, Page 167-168 


Japanese foundry equipment . . . well 
illustrated and described in catalog 
Written in English. Kubota Seisakusho, 


Ltd. 
Circle No. 53, Page 167-168 


Heat-resistant metals reportedly 3 
to 4 times stronger than conventional 
types are discussed by scientists. Den 
ver Research Institute 

Circle No. 54, Page 167-168 


Wall chart . . . lists decimal equiva 

lents of fractions of an inch—1/64 to 

1 in. Use the Reader Service card, last 

page, for your free chart. Ohio Seam 

less Tube Div., Copperweld Steel Co 
Circle No. 55, Page 167-168 


Plant location . . . factors for consider 
ation by small industry offered in gov 
ernment periodical. Small Business Ad- 
ministration. 

Circle No. 56, Page 167-168 


Corrosion-resistant alloy . . . data pre 
sented in 16-p technical report. Haynes 
Stellite Co. 
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Sand muller . . . features rubber mull 
ing tires and liner. Use number below 
for illustrated, 24-p brochure of dia 
grams, specs and applications. Beards 
ley & Piper, Div. Pettibone Mulliken 
Corp 
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Cupola equipment which officials 
claim result in substantial coke savings, 
described in 4-p bulletin. Brown Ther 


mal Development Co 
Circle No. 59, Page 167-168 


Shot blast liners . . . for long wear in 


shot blast machines discussed in 12-p 


bulletin. Latrobe Steel Co 
Circle No. 60, Page 167-168 


Pearlitic malleable handbook . . . 76 
pp, serves as ready reference on latest 
information and data. A copy is yours 
if you are a design engineer or can 


will bring more information . . . 


use this engineering data in your work 
Malleable Research and Development 


Foundation 
Circle No. 61, Page 167-168 


Motor-generator sets . vertical, high 

frequency. Bulletin lists ratings and di 

mensions, features. General Electric Co 
Circle No. 62, Page 167-168 


Vacuum furnaces . . . for induction 
melting, capacities 17 to 50 Ib, covered 
in data sheet. F. J. Stokes Corp 

Circle No. 63, Page 167-168 


Silicone rubber reportedly vulcan 
izes in 30 min. Fully explained in fact 
sheet. Dow Corning Corp 

Circle No. 64, Page 167-168 
Contour abrasive heads . . . designed to 
use paper or cloth-coated abrasives ce 
tailed in leaflet. Abrasive Machinery 
Corp 

Circle No. 65, Page 167-168 


THe hine s for 
Gree nl e 


Rollover and draw 
cores illustrated in brochure 
Bros. & Co. 

Circle No. 66, Page 167-168 


Miniature dust collector . . . claims 99 
per cent efficiency. Send for free bro 
chure. Joy Mfg. Co 

Circle No. 67, Page 167-168 
Power cylinder seals replaced by 
new method which is described in fold 
eT Miller Fluid Power Dit Flick Reedy 
Corp 

Circle No. 68, Page 167-168 


Hammer drill . . . can be attached to 
any type 1/4-1/2-in electric drill. Circle 
number below on Reader Service Card 
for brow hure Hamer Dril ¢ 0 

Circle No. 69, Page 167-168 


Metal disintegrator . . . for arc drilling 
ind removing broken tay hits ek 
explained in) brochure. Cammann Mfg 


Co 
Circle No. 70, Page 167-168 
Wet magnetic particle inspection 
unit designed for production testing of 
small ferrous parts. Magnaflux Corp 
Circle No. 71, Page 167-168 


Power filing machine detailed in 
bulletin. Newage Industries, Ine 
Circle No. 72, Page 167-168 


Layout machine illowing layout 
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work from five sides; inside surface 
checks with one positioning of casting. 
Use circle number for literature. Portage 


Double Quick, Inc. 
Circle No. 73, Page 167-168 


Silica sand . . . plant operations and fa- 
cilities portrayed in folder. Use Reader 
Service card. Wedron Silica Co. 

Circle No. 74, Page 167-168 


Conveyors, feeders and _ vibrating 
equipment included in 68-p catalog which 
is pocket-size condensation of company’s 
large catalog. Syntron Co. 

Circle No. 75, Page 167-168 


Abrasive cleaning ideas including 
blast cleaning, finishing and shot peening 
offered in 28-p brochure. Wheelabrator 
Corp. 

Circle No. 76, Page 167-168 


Wall chart . . . giving designations and 
specifications for non-ferrous alloys. Non- 
Ferrous Founders’ Society. 

Circle No. 77, Page 167-168 


Sythetic resins (powdered phenol- 

formaldehyde) for foundry shell molding 

(dump box) applications covered in tech- 

nical bulletin. Reichhold Chemicals, Inc. 
Circle No. 78, Page 167-168 


Welding practice . . . for repair and fab- 
rication of steel castings presented in 
brochure. Steel Founders’ Society of 
America. 

Circle No. 79, Page 167-168 
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ment of this type of equipment. 


Shell sand coating . unit illustrated 
in brochure which is yours when you 
use circle number below on Reader 
Service card, last page. Sutter Products 
Co. 
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Cutting tools . . . complete line present 
ed in catalog. All cutters handground. 
Rico Tool Co. 

Circle No. 81, Page 167-168 


Electron beam furnace . . . for refining 
and casting of special metals fully ex- 
plained in brochure. Stauffer-Temescal 
Co. 

Circle No. 82, Page 167-168 
Welding carbon products . . . electrodes, 
plates, rods and paste described in bul- 
letin. Arcair Co. 

Circle No. 83, Page 167-168 


for dust and fume 
brochure. Coast 


Glass fabrics 

control described in 

Mfg. & Supply Co. 
Circle No. 84, Page 167-168 


Vibrating feeder . . . for controlled 
feeding of bulk materials covered in 
leaflet. Link-Belt Co. 

Circle No. 85, Page 167-168 


Index . . . to 1958 Modern Castings 
Lists the subjects, titles and the authors 
of all important information published 
during last year. American Foundrymen’s 
Society. 

Circle No. 86, Page 167-168 


if you can’t wait 


for your mailman to 
come, you're no 
different than other 
smart foundrymen 
who use our reader 
service card, 

last page. 


Training courses . . . pertinent to every 
type of metalcasting work are offered by 
the AFS Training and Research Insti- 
tute. For free brochure covering all 
courses offered, circle number below on 
Reader Service card, last page. Ameri- 
can Foundrymen’s Society. 
Circle No. 87, Page 167-168 


Safety lock-out to prevent power 

source from being thrown-on detailed in 

brochure. Dayton Rogers Mfg. Co. 
Circle No. 88, Page 167-168 


Portable hardness tester capacity 
of 12-in. dia or thickness for testing 
castings anywhere. Riehle Testing Ma 
chines. 

Circle No. 89, Page 167-168 
Metalcasting technology . . . experts have 
written many books and manuals which 
Continued on page 148 





BUEHLER POLISHING DESK 


...with matching storage cabinet... 


or maximum efficiency in the production of 
specimens in the metallurgical laboratory the Buehler cabinet type polishing 
table with companion storage cabinets represents the latest modern develop- 


The convenience of this streamlined polishing equipment saves time and encourages 
the operator to produce the highest quality of polished sample 
Item No. 1511 is a two-unit polishing table with Formica top approximately 60” long 
x 27” deep by 30” high to table top. Two 12” swing spouts, drain, 8” diameter wash bowl, 


plumbing and wiring. 


Recommended accessories to complete an efficient set up for maximum convenience 
are: No. 1512 storage cabinet with recessed light and No. 1513 supporting panel for 
installation above polishing desk. Or, No. 1514 floor model storage cabinet. Both these 
cabinets can be used together to advantage in most laboratories 

The Formica top and back on the table and cabinet is installed with a smooth 


Formica edge that eliminates all metal rims that may form pockets for water and 

dirt. Covers are held in place on the back by magnetic holders. The large 8” wash bowl 

is a new feature that enables the operator to use both hands in washing specimens. 
All metal construction finished in hammer tone grey makes a very attractive 

appearance. Prompt delivery can be made on these new items. 

The Buehler Line of Specimen Preparation Equipment includes - Cut-Off Machines 


Specimen Mount Presses © Power Grinders © Emery Paper Grinders © Hand Grinders ¢ Belt 
Surfacers © Mechanical and Electro Polishers © Polishing Cloths © Polishing Abrasives 


Buhler tf METALLURGICAL APPARATUS 
© 2120 Greenwood Avenue, Evanston, Iilinois 
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Harbison-Walker 


MOLD MATERIALS 


for metal casting 


EXPANSION CURVES, SILICA SAND VS CALAMO 


% LINEAR EXPANSION 


1200 


SILICA SAND 


CALAMO 
{ 


| 


al 


1600 ~=—«2000 2800 


TEMPERATURE, °F 


Calamo for Investment Molds 


CALAMO, one of the extensively used Harbison- 
Walker products for molding is an alumina-silica 
refractory of optimum sizings for various molding 
mixtures. Its fusion point is 100°F. higher then that 
of normal silica sand mixes. 

The chart above shows the exceedingly desirable 
expansion curve of CALAMO as compared with that 
of silica sand. 

CALAMO, used as the major constituent of pre- 
cision casting investment mixes, improves the di- 
mensional constancy of the molds, makes them 
stronger and more resistant to erosion by metal 
flow. Investment costs are measurably reduced 


because an appreciably lesser amount of bonding 
agent is needed. This is attributable to the very 
desirable particle sizing and the equiaxed, dense 
grains of CALAMO. 

CALAMO, used alone or as the major part of con- 
ventional dry sand molding mixes in rammed or 
in slinger-placed sand molds, provides not only the 
very desirable low thermal expansion characteristics 
particularly suited for precision casting but also 
provides the required refractoriness for metals and 
alloys which are melted at unusually high tem 
peratures. 


H-W Forsterite Grains for Shell Molds 


Forsterite grain is highly refractory magnesium 
silicate possessing physical properties which make 
it especially suited for resin-bonded shell molding. 
Its specific heat, thermal conductivity, high tem- 
perature stability and uniform thermal expansion 

all contribute to its excellent performance. 

As the result of the optimum chilling effect of 
forsterite grain, sufficient strength develops in the 
skin of the steel casting to resist outside gas pressure 


as well as inside ferrostatic pressure, and a smooth 
casting surface is assured. 

H-W FORSTERITE GRAINS are supplied in controlled 
sizings best suited for securing the most satisfactory 
shell molded casting surfaces 

H-W FORSTERITE FLOUR is furnished for use as an 
additive to the H-W FORSTERITE GRAINS and resin 
mix to provide for the ultimate in surface smooth 
ness, particularly of castings with heavy sections 


Write us for information regarding these and other Harbison-Walker products 


mold wash materials 


ANDO SUBSIDIARIES 


ceramic molding media 


mold sand bonding clays. 


GENERAL OFFICES: PITTSBURGH 22, PENNSYLVANIA 


World’s Most Complete Refractories Service 


Sil” ® 
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casting through the ages _— 


bree THEY MANUFACTURED CAST BRONZE Gu 
AND COPPER WARE ON A MASS-PRODUCTION BASIS, ; {ii 

THE COPPERSMITHS OF ANCIENT ITALY DIDN'T HEsi- i : 
TATE TO MELT DOWN SLOW-SELLING UTENSILS AND Wt 
RECAST THE METAL INTO OBJECTS FOR WHICH THEY. 

HAD IMMEDIATE DEMAND. 





‘ Se | | , 
Oey Jini 


—s 


, 
- § 
~ 





' by 


IROW FOUN OF THE 1600'S WE SY CAST- 
ING CANNON BALLS FOR ARMIES. THEY 

ry bad USED SPLIT MOLDS, CARRYING UP TO SEVEN 
CAVITIES EACH. DURING THE SIEGE OF MAGDEBURG, 
GERMANY, ALONE — STAGED IN 163) — NEARLY 18,000 
CANNON BALLS WERE HURLED INTO THE CITY DAILY. 











Y _— - ‘ ie ed 
IN ANCIENT TIMES THe TRIBESMEN 
OF ABYSSINIA SOLD THE ROMANS CRUCIBLE 
STEEL IN ROUND, 5-INCH, 2-POUND 
CAKES WHICH THEY GOT FROM INDIA. BUT 
THEY MANAGED TO KEEP THEIR SOURCES 


SECRET BY MAKING THEIR ROMAN 
Wee: BELIEVE iT CAME 


Weaes AFTER THE DUTCH 
LEARNED HOW TO BORE 
OUT SOLID CAST CANNON 


THE FOUNDERS OF MOS 

COUNTRIES, iT SEEMS, 
STILL FOLLOWED THE OLD 
PRACTICE OF CASTING 


FROM FAR-OFF CHINA EIR GUNS HOLLOW. 





(BEFORE THE MID- 17003) 








No. 119 
Si 


HEAVY-DUTY 
CART 


If you're looking for a good tip for wheeling coal, scrap, 
chips, turnings or similar heavy materials, see these 
Sterling Heavy Duty Carts. Over and over again the 
“3-Point Landing” feature of this well-balanced cart 
will convince you it’s the best buy for years of service. 
Can be furnished with pneumatics, as shown, or steel 
wheels... plain or roller bearings. Write for Catalog. 


3 SIZES AVAILABLE: 
No. 119 
No. 


TIA cu. ft. 
Py cckectun cies 9 cu. ft. 
114 cu. ft. 


STERLING NATIONAL 
INDUSTRIES, Inc. 
Founded 1904 as 
Sterling Wheelbarrow Co. 


MILWAUKEE 14, WIS.,U.S.A 


PA : s 
a es rlitt bs - scycel 
WHEELBARROWS 
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for the asking 


Continued from page 134 


are available through AFS. A complet 
classified list is yours when you use the 
circle number below. American Foundry 
men’s Society. 

Circle No. 90, Page 167-168 


Tape recordings . . . of technical talks 
on many facets of the metalcastings in 
dustry are available AFS. Circl 
number below for complete listing. Amer 
ican Foundrymen’s Society 

Circle No. 91, Page 167-168 


from 


free reprints 
@ The following reprints of feature arti- 
cles which appeared in Mopern Cast- 
INGS are available to you free of charge. 
Use the Reader Service card, last page. 


Modernization . . . used to achieve hig] 
productivity at iron works outlined in 
reprint from Mopern Castincs. Ameri 


can Foundrymen’s Society 
Circle No. 92, Page 167-168 


Sodium silicates . . . for the COz proc- 
ess discussed in 9-p report on research 
by the U. S. Naval Research Labora 
tory, Washington, D. C. American Found 
rymen’s Society. 

Circle No. 93, Page 167-168 
CO. cores . . . used in malleable found 
ry reported on in technical article ré 
printed from Mopern Castincs. Use the 
Reader Service card, last page, for you 
free reprint. American Foundrymen’s 
Society. 

Circle No. 94, Page 167-168 


Controlled heat transfer .. . rate is ba 
sic in new discussed in 
technical report reprinted from Moper> 


American Foundrymen’s Soci 


mold process 
CASTINGS 


ety. 
Circle No. 95, Page 167-168 


training films 


@ The following list of motion pictures 
and film strips will prove useful in edu- 
cating your personnel to better perform 
their jobs. Circle the appropriate num- 
ber on the Reader Service Card, last 
page, for complete information regarding 
these films. Items indicate whether films 
are available free of charge, by rental or 
by purchase only. 

Steel shot manufacture . . . depicted in 
16 mm film operations 
scrap selection to packaging. 25 
color, sound. Wheelabrator Corp 

Circle No. 96, Page 167-168 


covering from 


min 


Titanium castings . . . film depicts ope 
ations involved in their fabrication 
Sound, color, 16 mm, free; running time 
is 18 min. Frankford Arsenal 

Circle No. 97, Page 167-168 


Ultrasonic inspection . . . film describ: 
development, theory and application « 
device for non-destructive testing of met 
als and other materials. Sperry Products 
Inc 

Circle No. 98, Page 167-168 





VOLCLAY BENTONITE 


cescoeeees REWSLETTER No. Gl -----ee es 


REPORTING NEWS AND DEVELOPMENTS IN THE FOUNDRY USE OF BENTONITE 


‘““Lift the Mystery and Raise the Facts’’ 





There is no mystery in obtaining a clean 
casting surface by improving conventional 
molding methods. 











This may not convince certain persons as 





there are no secrets involved in suggesting 
sound molding practices. 


However, the facts are present! 





Only fine sands and fundamental foundry practice 





can improve casting finish where sand is used by 
any method. From a prominent New England foundry 


There is little romance connected with green sand molding, hence most new molding processes sound more 





exciting. 
The excellent gray iron casting in the photo was made by skillful foundrymen at a sound New England 
foundry. It was made by conventional molding methods. 








One formula that produces excellent casting finish with close tolerances is listed below. |his squeezes 
casting formula produces finish equal to the claims of shell molding and should be investigated. These 
castings may be produced for the price of green sand methods. 











Formula for excellent casting finish: 








BY WEIGHT 
92% Silica or Bank sand, AFS Grain Fineness 
No. 100, or finer. 
Volclay western bentonite 
GREEN SHELL CARB (4% addition may sometimes be required ) 


2.5% Temper water added to above mixture 














Mix dry two minutes with a slow conventional muller and at least six minutes wet. 
Mull 90 seconds minimum with a high speed muller. 











Duplication of the pattern can be made with the above formula. 





Write For Available Data on Green Shell Carb 


AMERICAN COLLOID COMPANY 


SKOKIE, ILLINOIS « PRODUCERS OF VOLCLAY AND PANTHER CREEK BENTONITE 
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NO. 


Case 
History 
of a 
Challenge 


LEADING FAN How industry relies on 
MANUFACTURER non-ferrous castings 
SAYS... 


THERE'S 


SAVING 


IN THE AIR! 


This manufacturer formerly bought welded 
ls. In switching over to Aluminum Cast- 
ings, he gained in three important ways: 


© Cast Wheels represent a whopping 25% savings 
in cost. A sufficient reason in itself to switch— 
Beat... 


© Appearance-wise, there’s no comparison! Cast 
Wheels look right—an important consideration 
when a prospective buyer “looks inside.” 


@ Old-type welded Wheels had hand-set blades 
and were sometimes slightly out of place... 
But Cast Wheels are always uniform—they fit 
better—run better. 


Non-ferrous Castings offer unique advantages: 
® Versatility of alloy control 
© Simplicity of tooling 
® Uniform wall sections 
® Less machine time 
® More intricate patterns 
® High strength-to-weight ratio 


You'll find 
y te js) non-ferrous castings 
p ahs 1 ms a in some mighty 
FREE! A valuable Brass-Bronze- : vital spots. Check 
ie “A with us first— 
Aluminum Chart for your wall. Shows ee an aan tee 
properties and specifications of all ‘ F dollars ahead. 


popular alloys. Write today. 


NON-FERROUS FOUNDERS’ SOCIETY 
University Building * 1604 Chicago Ave. * Evanston, Ill. 
Please send Non-Ferrous Alloy Chart to 

NAME 

ADDRESS 


WALL CHART 


Shows properties and specifications of all popular 
Brass, Bronze, and Aluminum Alloys. Mailed free. 








OR 
1001 other places 





Wherever Reliability 
and a high Strength-to-Weight Ratio 


TO JOIN BODY SECTIONS 
are of PRIMARY IMPORTANCE 


ZK60 MAGNESIUM EXTRUDED TUBE 
(MACHINED) 


People depend || nn enn en 





STAINLESS STEEL 


on MAGNESIUM 





A modern metal solving modern problems 


for modern designers and process engineers. 


Have you checked the added qualities offered 


by the new Magnesium Alloys? Write for information. 


JM ASSOCIATION 


y-second Street, New York 17, New York 


th ee Es ; 
<i Circle No. 197, Page 167-168 Circle No. 198, Page 167-168 
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- Want to know 


152 


AINLESS © 
stings ? 


BA 


Designing for corrosion or high tem- 
perature service? 


You can get all the engineering 
facts on 28 heat and corrosion re- 
sistant casting alloys in this indexed 
folder of ACI Data Sheets. Take ad- 
vantage of the availability of the 
full range of CAST alloys! 


In these data sheets, buyers too will 
get practical help- especially from 
the lists of specifications and equiv- 
alent designations. 


Headquarters for Information on 
CORROSION RESISTANT AND 
HEAT RESISTANT CASTINGS 


Aachy, 
ALLOY CASTING INSTITUTE 


286 Old Country Road / Mineola, New York 


* modern castings 


DESIGN FACTORS 
* Mechanical Properties * Welding 
* Specifications * Machining 
* Heat Treatments * Corrosives 
* Physical Constants * Applications 
* Temperatures * Alloys 


Be 


Send for your set of Data Sheets -free, of course. 


ALLOY CASTING INSTITUTE 
286 Old Country Road, Mineola, N.Y. 


Please send me a set of ACI Data Sheets [J 
I'd like a list of your publications 0 


a 





Title 


Company 





Address ____ 





City 





TA 


NO. 


PA 


for high frequency 
induction furnaces 


TASIL (Taylor Sillimanite) No. 101 Patch is widely used 7 
by operators of high frequency induction furnaces for UY; 


7 
B69 SAT 


. 
: 
: 


ora 


COIL 


rrr 


10! PATCH 


teeeeee: eeecee” sesese 
OOS SSS SSSSSTSOESSESS *@ 


Cer rrr 


4 


coating of the inner surface of the water-cooled, primary YU yyw} 
coil. When air dried, this coating will: YYW? / 


Vs 
a. 


Protect the coil when the crucible is being rammed in place. 


Protect the coil from damage in the event of a leakage of metal through 
the lining proper. 

Properties which qualify TASIL No. 101 Patch for this service are: high 
di-electric strength . . . smooth working properties ... softening point above 
S200" F<. negligible shrinkage or expansion... can he used with either 


an acid or basic lining. 


There is a complete line of TASIL (mullite), TAYCOR (corundum-base ) 


and TAYLOR ZIRCON Ramming Mixes and Cements for every metallurgical 


need. Write for recommendations to cover your melting requirements 


Te CHAS. TAYLOR SONS. Resin Saget to Canute 


REFRACTORIES ENGINEERING AND SUPPLIES, LTD. 


' A SUBSIDIARY OF NATIONAL LEAD COMPANY 
REFRACTORIES SINCE 1864 © CINCINNATI © OHIO ¢ U.S.A. 


Hamilton and Montreal 
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slo h Aaa) ie ee ee) 
abrasives costing you? 


It’s easy enough to find out. 
Here’s all you do: 


1. Call an ASG representative. 


2. Have him supply you with our simple-to- 
use Abrasive Cost Record form. There’s no 
charge for these. 


3. Keep the necessary records for a repre- 
sentative period of time. 


4. Let our ASG engineer analyze your cost 
records, as well as your equipment, with 
a view to economy and efficiency. 


This easy four-step process will tell you how 
much your abrasives are costing you. 


And this Engineering Service might well save 
you hard dollars. 


Why not call us today? 


aA ts 


ABRASIVE SHOT & GRIT COMPANY INC. 


SPRINGVILLE (Erie County) NEW YORK 
Phone: Lyceum 2-2816 Teletype: Springviile 502 


manufacturers of BLASTRITE quality abrasives 
Circle No. 201, Page 167-168 


154 ° modern castings 











Organic Cold 
Setting Binders 


OXYGEN SETS BINDER 


QUICK STRENGTH 


ACCURACY 


HARDEN IN CORE BOX 


QUICK BAKING 


NEED 15 MINUTES 


BEST APPLICATIONS 


E. S. VALENTINE 
Reichhold Chemicals, Inc., 
White Plains, N. Y. 


@ Organic cold setting binders are 
principally composed of specialized 
drying oils activated by oxygen bear- 
ing chemicals. All of these materials 
are dependent on the absorption of 
oxygen, either from the atmostphere 
or from an oxygen-bearing chemical 
to develop their initial strength. 

After mixing sand and binder, the 
oxygen from the atmosphere and 
from the activator begin to be ab- 
sorbed chemically by the oils. A film 
of a reasonably rigid nature is formed 
to cement the sand grains together. 

The green strength ultimately ar- 
rives at approximately 50-90 Ib psi. 
The cycle is completed when the core 
cures to completion by further oxida- 
tion and polymerization in an oven. 

Because strength is developed and 
the sand mass is hardened against 
the pattern or core box, almost exact 
duplication of the dimensions and de- 
tails of core box or pattern are ob- 
tained. 

Since the sand is free flowing and 
possesses virtually no green strength, 
it is easy to fill the core box or flask 
with little if any ramming. 

In heavy core work you can use a 
two-piece box, making the core whole 
instead of making a core in halves, 
since the core will attain very high 
strengths in the box. Thus jigging, 
sanding, pasting and mudding of joints 
can be eliminated. 

Because no moisture is present and 
part of the curing process has already 
taken place at room temperature, cores 
made by this process bake out very 
rapidly in the oven. 

Since the entire batch sets simul- 
taneously whether the sand is in boxes 
or in the wheelbarrow, there must be 
sufficient scheduling organization so 
that all of the sand can be utilized 
without excessive waste. 

The core box or pattern must nec- 
essarily be tied up as long as it takes 
the sand to set. This means a period 
of a minimum of 15 minutes to sev 
eral hours. Therefore this type of 
process does not lend itself to use in 
places where there are very few dup- 
licate core boxes and where high 
speed production is expected. 

Where heavy, intricate cores are 
made on a jobbing basis, the cold- 
setting binder would seem to offer 
many advantages. 


Editor’s Note: This article contains highlights 
excerpted from a talk by E. S. Valentine pre- 
sented at the 1958 AFS Northwest Regional 
Conference. 





How to control casting quality: 
use quality-controlled alloys 





from Reynolds Aluminum 





%. 


REYNOLDS INGOT DISTRIBUTORS 


Abasco, Incorporated 
P. O. 13367 
Dallas 20, Texas 


American Alloys Corp. 
4446 Belleview 
Kansas City, Mo. 


Atlas Metal Co. 
8550 Aetna Road 
Cleveland 4, Ohio 


Barth Smelting Corp. 
99-129 Chapel Street 
Newark, N. J. 


Bay State Refining Co. 
8 Montgomery Street 
Chicopee Falis, Mass. 


Morris P. Kirk & Son, Inc. 
2700 South Indiana St. 
Los Angeles, Calif. 


Milward Alloys, Inc. 
Lockport, N. Y. 


Richards Corporation 
356 Commercial St. 
Malden, Mass. 


Sipi Metals Co. 
1720 N. Elston Ave. 
Chicago 22, Illinois 


Sonken-Galamba 
Corporation 

2nd and Riverview 
Kansas City, Kansas 


Nathan Trotter & Co., 36 N. Front Street, Philadelphia 6, Pa. 


WRITE FOR FREE CHART 


OF REYNOLDS 
CASTING 


The Finest Products 


Made with Aluminum 


made with 


REYNOLDS G23 ALUMINUM 


ALLOYS 
7 





One good way to be sure of uniformity and high 
quality in your aluminum castings is to be sure of the 
quality of the pig or ingot you use. Many foundries 
have solved their quality-control problems by 

using Reynolds Aluminum pig and ingot along 

with Reynolds technical and consulting services. 
(You get more than metal when you buy from 
Reynolds.) High standards, painstaking production 
and inspection methods all assure the consistent 

high quality of Reynolds casting alloys. 


In addition to the large stocks of casting alloys 
maintained at our producing plants—Jones Mill, 
Arkansas and Troutdale, Oregon—an important 
part of Reynolds service to the foundry industry is 
a nation-wide network of ingot distributors 

whose extensive stocks are even closer to you. 


Reynolds Metals Company 
Box 2346-FL, Richmond 18, Virginia 


Please send me your free chart listing available Reynolds Aluminum 
Casting Alloys. 


Name 
Company 


Address 
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FOUNDRY SAND 
TESTING HANDBOOK 


1 Completely rewritten by prominent foundry 
sand specialists 


2 Twice as much information as contained in 
5th edition 


3 Includes a glossary 


4 Includes a bibliography 


5 259 pages .. . 93 illustrations 

CHAPTERS COVER: Methods for Determin- 
ing Fineness of Foundry Sands . . . Determining 
Moisture in Foundry Sand . . . Determination of 
Permeability of Foundry Sands . . . Strength of 
Foundry Sand Mixtures . . . Method for Deter- 
mination of Green Surface Hardness—etc. 


AFS Members $3.50 Non-Members $5.25 


order from: 


AMERICAN FOUNDRYMEN’S SOCIETY 


Golf & Wolf Roads, Des Plaines, III. 


NAILS 


/@ / 
Va AEE CHILL NAILS ona SPIDERS 
ow Pp 


Choose any style chill noil from jumbo to stubby, 
slim, medium, or horse noil blade; blunt, pointed, 
straight or 90° bent. Seme types available in Stain. 
less, Brass, Aluminum; Copper coated to order. Spider 
Chills, jumbo or horse nail legs—double or single 
Available in various sizes and types; also mode to 
your individual specifications 


Write for detailed descriptions ond prices 


Circle No. 203, Page 167-168 
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foundry trade news 
Continued from page 138 


sachusetts Institute of Technology. 
He has held an F.E.F. scholarship 
since 1957. 
® J. H. Steele, Jr., Blacksburg, Va., 
studying metallurgical engineering at 
Virginia Polytechnic Institute. He has 
been granted three state scholarships 
and an A.S.M. award. 
®# R. G. Liptai, St. Louis, whose 
course of study is mechanical engi- 
neering at Missouri School of Mines, 
is a member, AFS Rolla Student 
Chapter. 
® E. J. Poirier, Medford, Mass., is 
studying chemical engineering at 
Northeastern University. Under the 
Wheelabrator Fellowship, he will 
study metallurgical engineering at the 
graduate level, Massachusetts Insti 
tute of Technology. He is a member, 
M.1.T. Student Chapter of AFS. 
® T. S. Piwonka, Cleveland, will 
graduate in June, 1959, from Case 
Institute of Technology. He will con 
tinue work on his Master’s degree in 
metallurgy. Piwonka held the Leon 
ard Case honor scholarship during 
his four years at the Institute. 

Eight similar Wheelabrator awards 


were granted in 1958. 


CAST BRONZE BEARING INSTI- 
TUTE .... discussed a radically sim 
plified approach to design, analysis 
and requirements for cast bronz 
sleeve bearings during a meeting to 
review the first draft of their new 
technical manual. The meeting was 
held Jan. 29, at the Indianapolis 
Athletic Club, Indianapolis. 

Friction & Lubrication Section 
Franklin Institute, Philadelphia, pre 
pared the manual under C.B.B.1. 
sponsorship. Harry Rippel, Franklin 
Institute project engineer, pointed 
out that the manual fulfills a design 
and application need in full-film, 
complete boundary, and mixed film 
sleeve bearing applications. 


McCarthy Foundry Co. . . . Chicago, 
has been purchased by Accurate 
Industrial District. In addition to the 
casting production facilities 12 acres 
of land were acquired for improved 
manufacturing. Currently largest divi 
sion of Accurate Industrial is Accurate 


Pertorating Co. 


Kolcast Industries . . . has been 
licensed to produce precision invest 
ment castings for unusual temperature 
and corrosion applications in “SR’ 
steels. Uniworld Research Corp. of 
America holds the patents on the al 
loys which will be cast by the Miner- 
va, Ohio, investment caste: 





Year after year, more and 
have looked to ABC as their 


Why Foundries 
Throughout the U.S.A. 


Have Found 


DEPENDABLE 
| SOURCE of SUPPL 


more foundries in over 30 states 
source of supply for quality coke. 


That’s because foundries know that: 


<1) ACS — one of the nation’s largest inde- 
pendent merchant coke producers — 
has adequate capacity to serve their needs 
at all times and under all conditions. Annual 
productive capacity is 875,000 tons. 


[i> has rigidly maintained the high qual- 
ity of its coke for 39 years. 


KG has earned an outstanding reputation 

for meeting the widely varying re- 
quirements of its customers in periods of 
peak demand. 


14) w» has no affiliations that have first call 
on its production. Its customers come 
first. 


‘s modern plant in the Birmingham 
District is strategically located to 


give prompt service. 


has continually improved the quality 

of its coke through research and con- 

stant betterment of its facilities and 

equipment. 

coke is produced in two distinct types 

STANDARD and MALLEABLE 

to meet the exacting requirements of any 

cupola operation. Both grades are regularly 

cupola-tested at our ovens for carbon con- 
trol and highest performance. 


~ When you make ABC your source of supply, you 
will establish a connection of lasting satisfaction. 
Your inquiries are invited. 


Jan” 


2h siinad 


at o, Paty. ee é f 
KE & FOUNDRY SUPPLY. CO., $1. Levis: 


+ Chicage. 
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Whatever you require 
of a metal... 


Pump Snap Coupler (1.62 pounds) 


Automotive Power 
Steering Housing 


(27 pounds) 


you get more 


with Malleable 


Uniformity that means faster production ...dependable 
performance. 


Strength crucial for high stress in moving parts...Standard and 
pearlitic Malleable provide tensile strengths up to 135,000 p.s.i. 


Machinability that provides an important ‘“‘competitive advan- 
tage.’’ Malleable has greater machinability than any other fer- 
rous metal of similar properties. 

Toughness proven in millions of parts service-tested under the 
most rugged conditions. 

Versatility of design... perfect for parts of every shape and 
size .. . equal to every task. 

These and other outstanding characteristics of standard and 
pearlitic Malleable castings provide the solution for today’s 
(3 pounds) design problems. No other metal offers so much at so low a cost. 


(80 pounds) 


For information on how you can use Malleable castings, write to... 


Engine Crankshafts 


Malleable Founders Society 


Union Commerce Building + Cleveland 14, Ohio 
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DESULPHURIZATION... 


LinDe’s desulphurization method, for use with cal- 
cium carbide, is simple, efficient, and economical 
The principal parts, shown here, are nitrogen sup- 
ply, dispenser, and injection tube 


You get uniform results with 


Metallurgical Carbide from LINDE 


L. the foundry, you can produce high grade iron is easy to operate and maintain. 
only by making sure you use metal with a low If you would like more information about 
sulphur content. As a desulphurizing agent, met- LINDE’s method of desulphurization, using cal- 
allurgical calcium carbide assures uniformity in cium carbide, just call or write your nearest 
the metal you produce. You know in advance that LINDE office. LINDE COMPANY, Division of Union 
by adding a certain amount of carbide you remove Carbide Corporation, 30 East 42nd Street, New 
a certain percentage of sulphur. Because metal York 17, N. Y. Offices in other principal cities. 
specifications can be met efficiently and economi- In Canada: Linde Company, Division of Union 
cally with carbide, you eliminate any need for Carbide Canada Limited. 
wasteful “trial and error” methods. 

Linde’s method of mixing UNION calcium car- 
bide and molten iron is simple and sure. A stream 
of fine mesh carbide and nitrogen under pressure 
is forced from a dispenser through a hose. The 
graphite injection tube is immersed deep in the 
hot metal. The carbide blends evenly and thor- 
oughly with the iron. Desulphurization with 
UNION calcium carbide creates no fumes, does The terms “Linde,” ““Union’ 
not attack refractories. The LINDE equipment — pret epee Si 
nitrogen supply, dispenser, and injection tube Union Carbide Corporation 
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amp. Redesign r 
rectional e€nduran 
[4 Property 
geht. 


€duceg cost 


Ca basic 
lengtheneg life 


-astin 
. - . . 
Diesel locomotive truck equalizer. Rede — to cast 'educeg mes 
. omo 
« educed weight 2,000 pounds per loc 
we. ‘made eo normal service life beyond 30 years. There are 
over 4,000,000 in use; they all mate perfectly 


Couplers. Repeatedly subjected to tremendous 
impact forces, cast-to-size couplers give 


tive 


Design 


ENDURANCE 


Into Your Products...Use STEEL CASTINGS 


On every locomotive, freight and passenger car, toughest proving ground of all for product 
you'll see steel castings: side frames, one-piece dependability —and structures cast in steel 
underframes, bolsters, yokes, wheels, hopper more than meet the challenge. 

( ‘s, brake beams, single i ‘omotive trucks : . . 
loors, brake beams, single-unit locomotive trucks, Design the same enduring strength into 
am e ce 27ers S S CO - . ° 

nd all the couplers used in this country your products. Benefit from lower weight, 


It’s no wonder, for railroads are perhaps the lower end cost. Design with steel castings. 


STEEL FOUNDERS’ SOCIETY OF AMERICA 
606 TERMINAL TOWER * CLEVELAND 13, OHIO 


Send For Informative Literature: 


Reference Chart of Steel Castings’ Properties 
32-page booklet 
“Fatigue Properties of Cast and Comparable Wrought Steels”. 
Product Design Studies on steel castings for products you manufacture 
Build With Steel Castings 
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castings are 
wonderful! 


What is the only way to make large metal 
parts of complex shape economically? ....... with castings! 


How can you make the most small parts at 
lowest cost—by the million, if you need to? ..... with castings! 


What is the best way to make parts with 
smooth changes of stress flow? ............ with castings! 


THESE ARE THE FACTS AGGRESSIVE 
FOUNDRYMEN ARE TELLING, individually and 
together, through their societies—in the grey 
iron, nonferrous, malleable and steel fields. 


They add one more fact: 


good design and consistent quality 
build more casting business 


The buyer of castings requires only that THEORETICAL PERFECTION is needlessly 
his standards for reliable service be met. wasteful to him... and costly to you. 


we can help you make better castings=cheaper! 


In scores of the best known foundries 3. ZYGLO 

across the country Magnaflux Test Methods Provides the same testing benefits for non- 
, 7 . ferrous casting control, pilot castings, etc. 

are now considered essential to reliable ret Starts as low as $125 with new ZA-43 Zyglo 

lowest cost casting production. If you are wegurrdaian 

not now using them, we suggest especially 


that you investigate: 


Also eddy current instruments to control hard- 
ness, heat-treat, etc., and sort mixed alloy lots. 


When you use these M test methods—with assurance 
—you can sell more castings, to more people—for 
more uses. This, of course, means bigger markets, for 
1. STRESSCOAT you, from now on! 

The Magnaflux stress analysis tool that shows 
where high stresses occur—during your design 
or pilot runs. Shows whether stresses are 
detrimental or harmless. Leads to easy design 
correction. 


For the evidence, ask any foundry that has adopted 
the “Magnaflux Plan of Casting Control.”” Or ask a 
Magnaflux Engineer to outline it to you. 


macwnaraun 


2. MAGNAFLUX-MAGNAGLO MAGNAFLUX 
Magnaflux Magnetic Particle Inspection Methods CORPORATION 
that show which cracks or defects are signifi- ee ee 7352 W. Lawrence Avenue 
cant and which are within the range of safe THE HALLMARK Chicago 31, Illinois 
acceptance and good service. Test pilot castings OF QUALITY IN 
also, for best set-up! ALSO: Magnaglo auvtoma- NONDESTRUCTIVE New York 36 © Pittsburgh 36 + Cleveland 15 
tic for volume testing, TEST SYSTEMS Detroit 11 «* Dallas35 «+ Los Angeles 22 
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The students who are interested in the foundry indus- 
try today are the industry’s management of tomorrow. 


One of our jobs, as the Foundry Educational Founda- 
tion, is the encouragement of, and assistance to, these 
students. 


Over the past nine years, as you can see from the ac- 
companying chart, F.E.F. has made great strides in 
that direction. Sixty-four departments now require 
students to study the cast metals industry, as compared 
to only twenty in 1947. 


This advancing trend will assure a continuing flow of 
capable, well-educated young men into our industry... 
providing your interest and financial support are main- 


tained now dnd in the future. 


' DEPARTMENTS REQUIRING CAST METALS STUDY 


Write for our new booklet, “Let’s Look Ahead’’. 


You’ll be glad you did. 


Foundry Educational Foundation 


1138 TERMINAL TOWER BUILDING © CLEVELAND 13, OHIO 
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The first complete reference that shows 
HOW TO ECONOMICALLY DESIGN, PURCHASE 
& APPLY MODERN GRAY IRON CASTINGS 


GRAN 
\RON CS ast wWwGS 
HANDBOOK 


CHECK THESE PARTIAL CONTENTS 


1, Design. Designer's Relations with the Foundry—T ypes of Cast 
ings—Design Sequence—Designing for Function—Designing for 
Strength and Perfomance—Designing for Appearance—Designing 
for Producibilit y—Soundness of Castings—Factors Affecting Costs— 
Tolerances—Inspection of Castings 


2. Specifying and Purchasing. Kinds of Foundries—Casting Processes 
—Pattern Selection Factors—Types of Patterns—Types of Core 
Boxes—Dimensional Allowances and Tolerances—Kinds of “Cast 
Iron’ — Standard Specifications — Cost Factors — Identification — 
Quantity—Delivery Schedule—Accompanying Blueprint Checklist 
—Service Data—Properties—Inspection Methods—Shipping—Pat 
tern Equipment—Special Flask Equipment—Terms and Conditions 
of Sale. 


3. Properties of Gray Iron. Tensile Strength—Compressiye Strength 
—Transverse Properties—Stress-Strain Characteristics—Torsional 
and Shear Strengths—Hardness—Fatigue Properties —Impact Re- 
sistance or Toughness—Damping Capacity—Acoustie Properties— 
Wear Resistance—High Temperature Properties—Low Temperature 
Properties—Ph ysical Properties—Corrosion Resistance 


4. Properiies of Ductile Iron. Heat Treatment—Stress Relief —An 
nealing—Normalizing and Tempering—Quenching and Tempering— 
Austempering 2-4 Martempering—Surface Hardening—Range of 
Tensile Properties—Re'ation to Hardness—High Ductility—High 
Strength—Modulus of Elasticity—Compressive Strength—Impact 
Properties—Endurance Limit—Elevated Temperature Properties— 
Electrical Resistivity—Magnetic Properties—Thermal Expansion— 
Thermal Conductivity—Density and Specific Gravity—Critical 
Transformation Temperature Range—Damping Capacity 


5. White and High Alloy Cast trons. Unalluyed White and Chilled 
Cast Irons—Alloyed White and Chilled lron—High Silicon Irons— 
High Chromium Irons—High Nickel lrons—Effect of Alloys—Com 
parison of Scaling of High Alloy Irons—High Temperature Mechani 
cal Properties—High Strength of Cast Irons—Special Purpose Alloy 
Cast Iron—High Alloy Ductile Irons 


6. Heat Treatment. Causes of Internal Stresses—Results—Stress Ke 
lieving Temperature — Time — Rate of Cooling — Degree of Initial 
Stress—W eathering—Stress Relieving Treatments— Mechanism of 
Annealing — Temperature and Times — Influence on Properties — 
Recommended Practices — Applications —Surface, Induction and 
Quench Hardening—Hot Quenching 


7. Welding, Joining and Cutting. Gias Welding—Are Welding—Braz 
ing—Thermit Welding—Soldering—Flash Welding—Pressure Weld- 
ing—Bimetal Casting—Torch and Are Cutting 


8. Machining. Selection of Tool Material—Grinding Cutting Tools— 
Machining Applications—Machining Properties of Iron Castings— 
Economics of Machining—Turning—Milling—Drilling—Reaming— 
Tapping—Surface Grinding—C ylindrical Grinding—Centerless Grind 
ing—Internal Grinding—Honing—Lapping 


9. Metallic and Non-Metallic Coatings. Sprayed Metal—Hot Dipped 
—Hard Facing — Cementation or Diffusion — Electrodeposited — 
Chemical Deposition—Organic Finishes — Vitreous or Porcelain — 
Chemical Conversion—Coloring—Cement Linings and Armor 





GRAY IRON 
CASTINGS 
ay V, 12] -fele] .¢ 


INCLUDING COMPLETE DATA ON DUCTILE, 
WHITE AND HIGH ALLOY IRONS 


Published by the Gray Iron Founders’ Society, Inc. 
620 pages; 6 x 9; 475 illustrations; $10.00 


Here at last is a comprehensive gray iron castings guidebook for the designer, 
buyer and production executive. In a single up-to-the-minute volume ts all 
the information needed to successfully and economically design purchase 
and use gray, ductile, white and high alloy iron castings. To compile this 
indispensable manual, hundreds of outstanding authorities and organizations 
collaborated under the sponsorship of the Gray Tron Founders’ Society. A 
a result this book contains the best and most compl te information available 
today 

One idea from this book could mean more to youtn actual dollars and cent 
than many, many times the cost of the book. And yet in its 620 pages you 
will find hundreds of ideas for improving methods of designing, specifying, 
purchasing, heat treating, welding, joining, cutting, machining, grinding and 
finishing gray iron castings 


WHAT LEADING AUTHORITIES SAY ABOUT THE HANDBOOK 


The Society's new Gray Iron Castings Handbook is certainly a mine of 
information and should be a “must” among the working tools of everyone 
concerned with specifying or desig r . : 
concerned with specifying or designing Colin Carmichael, bdito 
MACHINE DESIGN 


Your new Handbook is the finest piece of source material available anywhere 
on gray iron castings. Consumers and designers now have available in one 
volume well-organized, up-to-date, and authoritative information 

H. W. Lownie, Jr. 

Chief, Process Metallurgy Reasearch 

BATTELLE MEMORIAL INSTITUT! 


The Gray lron Castings Handbook not merely is technically excellent, but 
itis put together in a very useable form which should encourage everyone 
o use the book = 
a's eee Sidney Low, Director of Rescare! 
(CHAPMAN VALVI 

MANUFACTURING COMPANY 


tle ND eV vile), Reellife). E 


I GRAY IRON FOUNDERS’ SOCIETY, INC. 
National City-East 6th Bldg. * Cleveland 14, Ohio 


Please send me a copy of the new Gray Iron Castings Handbook 
for 10 days free examination. Within 10 days I will send i$lo 


1 $10 enclosed CD) Purchase Order « vd C) Bill 


Company 


City State 


GRAY IRON FOUNDERS’ SOCIETY, INC. 


NATIONAL CITY-EAST SIXTH BUILDING ¢ CLEVELAND 14, OHIO 
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PLANT ENGINEERS 
ege e °@ Experienced on layout of all types 
€ assi ae fe | vertising of foundry equipment, material 
handling and material flows. Send 
complete details on work history, 
‘ducation ; é y status. In- 
For Sale, Help Wanted, Personals, Engineering Service, etc., set solid = lg gg ~ 


. . 25¢ per word, 30 words ($7.50) minimum, prepaid. plies confidential. Box F-140, 
Positions Wanted . . 10c per word, 30 words ($3.00) minimum, prepaid. Box MODERN CASTINGS, Golf and 
number, care of Modern Castings, counts as 10 additional words. Wolf Roads, Des Plaines, Il. 

Display Classified . . Based on per-column width, per inch . . 1-time, $18.00 
6-time, $16.50 per insertion; 12-time, $15.00 per insertion; prepaid. NON-FERROUS FOUNDRYMAN 








with ‘good training in metallurgy, experi- 
commen = ence in gating, risering, pouring and mold- 
ing copper-base alloys and who has super- 
visory qualities to assume direction of sand 
Completely modern electric furnace found- and centrifugal foundry in Indiana. Send 
ry specializing in shell molding of high complete details, education, experience, 
strength alloy-iron castings and brass cast- ee an Bonen CASTINGS Gur 
ings desires to appoint MANUFACTUR- and Wolf Roads, Des Plaines, Ill 
SAND TECHNICIAN ER’S REPRESENTATIVE in midwest and “ 2 i 

tisha —— —— middle Atlantic states. Foundry can meet 
Experience in Gray Iron Foundry, exacting specifications for physical proper- 
ties, chemical analysis and microstructure. 
' ‘ Men now calling on industrial accounts 
ng Good opportunity. Relocate who require good production quantities of 
Middlewest. small castings are urged to write. List all KUX DIE CASTING MACHINES 

, bp > , mac qualifications, experience, current princi- Model K-5, 25-T. Locking Pressure. 

BOX F-145, MODERN CAST- pals, ete. No objection to other non-con- New 1949, Weight 22002, Extra equipment 

INGS, Golf and Wolf Roads, Des flicting foundry lines. and brand new. 
Plaines, Il. Box F-152, MODERN CASTINGS, Golf and Model BA-12, 100 T Locking Pressure. 
Wolf Roads, Des Plaines, Ill. New 1948, Weight 8500. Very reasonable. 
Excellent condition. 

EVEREADY, BPT., CONN. 
GOOD FOUNDRYMEN Box 618- ED-4-9471-2 


when you need SUPERVISORY 1 INDUSTRIAL ENGINEER 


TECHNICAL men why not consult a ‘ 5 : 
man with actual foundry experience Experienced In foundry operations 


plus 15 years in finding and placing » reneri: industry. Cap- 
FOUNDRY PERSONNEL. po Rtar i er il - er 
Or if you are a FOUNDRYMAN of industrial engineering division of 
looking for a new position you will able of taking over management 

want the advantages of this experience . , ; s . 
“st dn wa vn aan ACME member consulting firm. wii ; 

throughout the country Degree necessary. Age 35-45. Send 253 Eighth Street 
For action contact: complete details and include re- West Palm Beach, Florida 

John Cope : aes 

cent photograph. All replies held TEmple 2-8685 

DRAKE PERSONNELL, INC. in confidence. Box F-135, MOD- 


29 6. Madison $¢. ERN CASTINGS, Golf and Wolf 
Chicago 2, Illinois Die: : 
Financial 6-8700 Roads, Des Plaines, IIl. 

















and all phases of sand condition- 


























ED JENKINS 
Foundry Consultant 








CONSULTING ENGINEER 
THIRTY-FIVE YEARS’ 
EXPERIENCE 
ae ; Improved methods in electric furnace 
AGENTS WANTED: Distributors or manufacturer's Agents. Several melting. Analysis control. Low cost, 
choice territories available to experienced foundry equipment salesmen high productivity. Personnel Train- 
or agencies interested in selling the world-Famous HANSBERG CORE ing. Melt shop designing and modern- 

SHOOTER. Hansberg is the most successful core making machine of izing. 

the last ten years and is better than competitively priced. More models EUGENE H. WEAK 

than any other manufacturer. New bench and floor models include Semi- HIGHLAND, IND. ere 
& Fully-Automatics. Combination Shooter-Gassers, Roll-Over-Strippers, 2933 pone ae Regn ee 
Vacuum & Pressure CO. Gassers. Write to HANSBERG SHOOTERS, Brarcnise ch sreded 
INCORPORATED, P.O. Box 729, Evanston, Illinois. 
































ASSISTANT PLANT MANAGER 36 years 
old. Desires position with an established non- 
ferrous foundry. Experience in Metallurgy, 


* Lab-Supervision, gating and all phases of sand, 
permanent mold and plaster mold operations 
Some semi-investment experience. Presently 
employed. Box F-149, MODERN CASTINGS, 
Golf and Wolf Roads, Des Plaines, Ill. 


€ € }B FOUNDRY FOREMAN two years experi- 
i HA 7 GOOD ence in automated non-ferrous foundry. Young 
graduate engineer desires position with oppor- 


tunity to work in all phases of foundry work 
Particularly interested in technical side. Pre- 


FOUNDRY { OKE fer to locate in Houston area but am open to 
any place in Southwest. Box F-150, MODERN 
CASTINGS, Golf and Wolf Roads, Des Plaines. 


2201 First Ave., North Birmingham 3, Ala. BACK VOLUMES — Wanted to buy for cash 


of foundrymen, TRANSACTIONS American 

Phone Alpine 1-9135 Foundrymen’s Society and other scientific 
*Reg. U.S. Pat. Off. technical Journals, A. S. ASHLEY 27 E. 21, 
N. Y. 10, N. Y. 
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ave Up To 50% 
In Core Baking Time! 


DEXOCOR” is the perfect teammate for MOGUL” an 
CORN PRODUCTS SALES COMPANY 


Use Dexocor binder, the amazing new 
binder for sand molds. Field reports 
show this dry replacement for core oil 
cuts baking time 30 to 50 percent!* 

Savings of fuel dollars and more flex- 
ible production scheduling are only two 
of Dexocor’s advantages. Among its 
other features are: faster mulling... low 
gas generation... excellent green strength 
... high baked strength. ..uniform density 
...easy shake-out...ready collapsibility. 

Whether you make small or large 
castings, simple or intricate, you will 
profit by the properties of Dexocor. One 
foundry now uses it in 19 different sand 
and core mixes! 

For the full facts on this amazing new 
binder and technical assistance in adapt- 
ing it to your special needs, contact our 


nearest sales office or write direct. 


*Source on request 


d KORDEK” binders and GLOBE” dextrines 


17 BATTERY PLACE, NEW YORK 4, N.Y. 
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FOR COMPLETE 


SODIUM SILICATE 
SERVICE sec ra 


Choose the sodium silicate for 
your needs from over forty PQ 
Silicates. You'll get the right one 
for reliable performance. 

PQ specializes in soluble silicates 
and can serve your specifications 
for either dry or liquid products. 
Please be assured that private 
formulations are held in strictest 


confidence 


Whether you need information, 
test samples or prices your re- 
quests are welcome. 


PHILADELPHIA QUARTZ COMPANY 


1125 Public Ledger Bldg., Philadelphia 6, Pa. 


LE SILICATES 


Associates: Philadelphia Quartz Co. of Calif. 
Berkeley & Los Angeles, Calif. ; Tacoma, Wash. ; 
National Silicates Limited, Toronto, Canada 
PQ PLANTS: ANDERSON, IND.; BALTIMORE, MD.; BUFFALO, 
N.Y.; CHESTER, PA.; JEFFERSONVILLE, IND. ; KANSASCITY, 
KANSAS; RAHWAY, NJ.; ST. LOUIS, MO.; UTICA, ILL 
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here’s how 


... Caterpillar Tractor Co., 
Peoria, Ill., produces a track 
shoe for track-laying vehicles 
that has the quality of be- 
coming work-hardened under 
the pounding in use. Shoe is 
cast in steel alloy containing 
12 to 14 per cent manganese. 
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YES! — ! want to receive MODERN CASTINGS for one year 
at $5.00 in U.S., $7.50 elsewhere. 


Payment is enclosed Bill me 


Position 
or Title 


Address 


Subseribe! Don’t put up with a second-hand, pass-along copy. 
Use this card to get a fresh, uncut, unclipped copy each month. 


Subscribe to MODERN CASTINGS 


When you see a “Circle No.” under an item or an ad, it means 
that there is more information available. 


Send for FREE INFORMATION & 


lease type or print April/59 


lease have information or bulletins indicated by circled numbers sent te me without obligation. 


ve O@C@nOGYWVRw NWN — 


Tithe 


Zoee 


109 121 «#133 145 «2157 
110 122 134 146 «6158 
111 123) «135 147 «#159 
112 124 «4136 148 #160 
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FOR BIG SAVINGS IN 270 FOUNDRIES 


KOLD-SETTING Binder will produce opti- 
mum results when the installation is engineered 
by a qualified specialist. That is why we main- 
tain “in-plant” service. 

There are now 270 foundries using KOLD- 
SET to produce better castings at lower costs. 


The average reported savings is in excess of 


40%. Each of these foundries was “‘started up”’ 
with the aid of one of our KOLD-SET engi- 
neers. Equipment was studied and evaluated 

then, recommendations were made on how 


KOLD-SET could be adapted to produce best 
results. The KOLD-SET man stayed with the 
installation during the early stages and remains 
on call if further services are required. Periodic 
service calls further assure our customers of 
maintaining production. 

If you are wondering how KOLD-SETTING 
Binder will work--a KOLD-SET man will be 
glad to study your processing and offer recom- 
mendations without obligation. 

Write or phone! 





KOLD-SET 
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Produces Better Castings because: 


1. Controlled viscosity 
2. Deep Penetration 


Kold-Set is Patented . : : 
in the United States 3. Uniform Film Thickness 


Write for bulletin. 
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PROVEN PRODUCTS 
FOR THE 
FOUNDRY INDUSTRY 


Creative Chemistry 


..- Your Partner i 7) Progress 


When close tolerances are vital 





Self-Curing Oil Binders; 
Sand Conditioners; 
Phenolic Shell Molding Resins; 
Phenolic, Amino and 
Alkyd Core Binders 


RCI FOUNDREZ INSURES ACCURACY 
IN HICA SHELL MOLDING PROCESS 


Shreveport, La. - 
reports that shell molds made with 
Reichhold’s Founprez 7504 powdered 
phenolic resin produce “High Integrity 
CAstings” 
ical and milk processing equipment. 
aircraft, missile, pump, valve and 
burner parts. HICA pours stainless and 
other alloys on intricate jobs requir- 
ing extremely close tolerances. 

HIGHEST DEPENDABILITY 
In a recent interview Phillip R. John- 
son, HICA shell molding foreman, said 
“The dependability of RCD?’s Founprez 
recently helped us supply a large order 
without a 
With 


to avoid the 


of complicated castings 


single reject by our customer, 
FOUNDREZ. we are able 
and cracking frequently en- 


Nor have 


we experienced any problem that could 


warpage 


countered with other resins. 


HICA team ready to close cope and drag 
halves of plug valve handle adapter mold 


after cores have been set in place. 


HICA, INc., 


for manufacturers of chem. 


HICA’S shell molding department. Up-to-date methods and machines 


he lp produc e accurate, 


he attributed to our use of FoUNDREZ.” 


NOM AA At 
Yuli Tt RIAN 


Besides dependability and quality. 


played a significant part in 
of Founprez. “The 


CCOMOMY 
HICA’S 
superior bonding qualities of RCIs 
7904," said Mr. 


“allow us to use less resin per pound 


( hoice 


Kot NDREZ Johnson. 


of sand. affording us substantial 


savings in our production run. It’s 


why we use FOUNDREZ 


shell 


easy to see 


exclusively in all our molding 


techniques.” 


Reichhold’s FoUNDREZ 7500 series of 
powdered phenol-formaldehyde resins. 
designed especially for shell molding, 
includes: 

a general pur- 
pose phenol-formaldehyde resin. Fea- 
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onomtcal castings 


tures long flow and cure. This product 


is especially applicable to intricate 


pattern work, 

NDRE7 formulated for 
intermediate flow and long cure prop- 
Ideal for the 


where many different types of castings 


jobbing shop 


erties. 
are made. May be employed on a 
variety of pattern contours. 

has the shortest 
of the 
Compounded for high speed produc- 
of shells. Most 


foundry production involves long runs 


flow and fastest cure series 


tion suitable where 


of a few types of castings. 
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